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INTRODUCTORY REMARKS 


By Hilary Koprowski 


Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y. 


It is not my function, in making these introductory remarks, to describe the 
dysfunction of the alimentary tract as a subject of this monograph. This will 
be done by Erwin Neter, who, jointly with James A. Baker, planned the con- 
ference upon which this publication is based. One glance at the table of con- 
tents of this volume will indicate that what these two eminent scientists have 
accomplished merits great admiration. 

The alternate problems of diarrhea and constipation are probably more im- 

portant to mankind than all other ailments combined. These generalized dis- 
orders profoundly affect the well-being not only of man, but also of domestic 
animals, wild animals and, possibly, every other living creature. 
& We know that dysfunction of the alimentary tract is not an entity, but repre- 
sents merely a variety of conditions of different etiology. Discussion of all 
these conditions would take weeks, and it is wise to limit the scope of these 
deliberations to one specific aspect of the disorders; namely, the diarrheas of the 
infant. 

The publications of the Academy deal with definite topics in order to combat 
one of the ills from which science suffers; namely, the defect characterized by 
Pickering! as “fragmentation of knowledge.” These pages provide a unique 
opportunity to review a synthesis of thoughts rather than “‘canalization. . . into 
a restricted compass.” 


References 
1. Pickertnc, G.W. 1955. Lancet. 1955(7z): 1149. 


PREFACE 


By Erwin Neter 
Children’s Hospital and University of Buffalo, School of Medicine, Buffalo, N. Y. 


Extraordinary advances have been made in our knowledge of the etiology, 
pathogenesis, diagnosis, specific therapy, and prophylaxis of epidemic and en- 
demic diarrheal diseases of infants. This conference affords an unusual oppor- 
tunity to virologists and bacteriologists, to veterinarians and physicians alike 
to present and to evaluate critically the present status of this topic and to 
appraise the need for future research. Two subject matters stand out in these 
presentations: one, dealing with the various microorganisms acting as patho- 
gens, and the other, concerned with the particular susceptibility of the young 
that differs so markedly from that of the older animal or human being. Asa 
guidepost to our deliberations, may I quote one of the great pioneers in the 
field of microbiology, Louis Pasteur. He said: ‘“Keep your early enthusiasm, 
dear collaborators, but let it ever be regulated by rigorous examinations and 
tests. Never advance anything that cannot be proved in a simple and decisive 
fashion. Worship the spirit of criticism. If reduced to itself, it is not an 
awakener of ideas or a stimulant to great things, but, without it, everything is 
fallible; it always has the last word.” 


DIARRHEAL DISEASES OF MAN: A HISTORICAL REVIEW 
AND GLOBAL APPRAISAL* 


By Albert V. Hardy 
Florida State Board of Health, Jacksonville, Fla. 


Introduction 


Attention will be limited to three aspects of this very broad subject. The 
magnitude of the current problem of mortality from diarrheal diseases will be 
examined in the light of past and present experience in the United States. 
Next, there will be an attempt to assess the limitations of present knowledge 
concerning etiology. Last, the adequacy of past and present programs of con- 
trol will be observed. 


Mortality from Diarrheal Diseases 


Deaths from diarrheal diseases in present mortality statistics are classified 
in part as diseases of the digestive system, in part as specific infectious diseases, 
and in part as diseases of the newborn. Most are recorded as due to diarrhea 
and enteritis or, as it is now called in official records, gastroenteritis and colitis. 
Deaths reported as due to dysentery—usually type undetermined—and sal- 
monellosis are found with the infectious diseases. Recently there was the 
further separation of epidemic diarrhea of the newborn. In general, the acute 
diarrheal diseases do not often receive an etiological diagnosis. Terminology 
varies by area, so the same clinical entity may be reported as diarrhea and 
enteritis in one area and dysentery, type undetermined, in another. Hence, 
in this review, unless otherwise specified, the designation “diarrheal diseases” 
will include deaths due to diarrhea and enteritis, and to dysentery of any type. 

The accuracy of mortality data in all countries is determined by the reliability 
of the original diagnoses. It must be acknowledged that diagnoses of the diar- 
rheal diseases are chiefly symptomatic, and that mortality statistics can pro- 
vide evidence only on a group of disorders in which the outstanding clinical 
manifestation is diarrhea. In some countries from which vital statistics are 
available, it is evident that a significant proportion of the births and deaths of 
infants goes unrecorded. The commonest defect of the statistical data in 
places where public health is not well developed, however, is the reporting of 
deaths with either an ill-defined diagnosis or none at all. This was a problem 
of earlier decades in the United States when, in some predominantly rural states, 
many of the reported infant deaths had no usable diagnosis. In a rapidly 
developing progressive South American country, during the years from 1930 to 
the present, from 40 to 60 per cent of the death certificates had no medical 
diagnoses. This represents the approximate proportion of deaths without med- 
ical attention during the terminal illness. In such areas, the mortality rates 
for specific diseases, as computed, will be only a fraction of the presumed total 


* Data presented here were assembled, in part, for use in the consideration of the “Control of Infant Diar- 
theas in the Light of Recent Scientific Progress’’ at the Fourteenth Conference of the Pan American Sanitary 
Bureau in Santiago, Chile, in October 1954. Further statistical data were made available through Ruth Puffer, 
Chief, Statistical Section of the Regional Office of the World Health Organization for the Americas. 
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rom Acute Diarrheal Diseases, New York City 
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rate. Discrepancies will be marked for conditions primarily involving infants. 
Thus, the mortality data as given here will tend to understate the magnitude 
of the problem of diarrheal diseases for those countries with inadequate medical 
services and with poor communications. 

While acknowledging inadequacies and inaccuracies in records of mortality, 
these are still the best index available of past and present incidence of diarrheal 
diseases. Data for the City of New York, available from 1868, on mortality 
from diarrheal diseases is presented in FIGURE 1 by year. LEarliest records re- 
veal in excess of 400 and reaching as high as 572 deaths per 100,000 population 
per annum. In the 25 years following 1875, the mortality declined from the 
400 to the 200 level. In the first decade of the present century, there was a 
further fall from 200 to 100. A rapid and progressive reduction brought the 
mortality from 100 to 10 in the next 20 years. Since 1930 there has been a 
slow downward drop toward the present level of 2 deaths per 100,000 popula- 
tion from all diarrheal diseases. 

Mortality rates are available for few cities in the United States for years 
earlier than 1900. Available data indicate that other localities had a problem 
similar to that in New York City. In most, during the period from 1900 to 
1930, there was a rapid decline from excessively high to moderately low mor- 
tality from these diseases. In general, rates for states as a whole were appre- 


a > 


Hardy: Diarrheal Diseases of Man 7 


ciably lower than in cities, since at that time the mortality from diarrheal dis- 
eases was generally less in rural than in urban populations. 

At the turn of the century, mortality from diarrheal diseases was high every- 
where in the United States. In some states, there was an early and rapid de- 
cline, while in others there was a delay both in time and rate of fall. Thus, in 
later years the variation in mortality was great, ranging from high in a few to 
very low inmany. ‘This wide distribution is illustrated by data for 1936, In 
Puerto Rico, recorded mortality from diarrheal diseases was 480 per 100,000 
population. In Arizona and New Mexico, the rates were approximately 100. 
In the remaining states, they varied from just under 50 to a low of 4. 

Furthermore, in individual states there has been wide variation in different 
areas and in different population groups. Within the same geographical area, 
some segments of the population have little or no enteric disease, while in others 
the mortality from these causes may equal that which prevailed generally 50 
years ago. In Hidalgo County, Texas, for example, from 1942 to 1945, the 
mortality rate for diarrheal diseases in permanent residents living under com- 
fortable economic circumstances was 12 per 100,000 population while it was 
approximately 400 in the families of recent laborer immigrants. Similar wide 
variations have been evident more recently in California on comparing the 
general population with the families of migratory laborers. In the United 
States, a major remaining problem is to provide effective control measures for 
diarrheal diseases in such scattered foci of high incidence. 

The magnitude of the current problem in the countries of the Americas is 
indicated by the data in TABLE 1. Mortality rates for diarrheal diseases are 
comparatively low only in the United States and Canada. In 3 of the coun- 
tries, recorded rates are between 20 and 50 deaths from diarrheal disease per 


TABLE 1 


Deatus IN 1952 PER 100,000 PopuLaTion FROM DIARRHEAL DISEASES IN 
COUNTRIES OF THE AMERICAS 


Country Deaths per 100,000 population 
OPES erie Meander wen ET herbs ARIS VS Lon + oe disleie sate 6.2 
(PATE 2S a as ee ee ieee eee 9.6 
PAT el emp aiatet leh ceucaeceivesun outisieca atte! v's soeueun vein o's pie 21.0 
LMERIN MEER te At ea Gti eae eeu Seder 34.2 
SENET ay reine tt te raed ei nie sfelb aici OW 16 Ge «1610s whe reaseress 40.6 
Ot Ce oP iS go A ltafarsitoons; aps xere-laiie axe 52.5 
TST. overt eta dette tal cick Snr Ine 56.1 
PERAtigerree ts CMA SMT ROS Pte Beek ANS vale di oe biececate.s 67.5 
EEO LLY HP REEL PR NS FI Sc lstan nthe aceiotdate. ye 78.4 
Vener acy tS nc ey et, a Ree Seen D epee ene ee 103.7 
DROMIMICANMREDUDUC MEE. Peltor antes. sowea ese sse veces. 134.2 
Real arerrint ss Mme erp Vint heals x feelers fis) slats Gls 35,0.8 sera 13520 
PPO a eee peice cE PCL cycles Sisjaldars arbe’ aasias » 147.0* 
SUGAR Perc nin er ca cis sisaurs she Fon Op 2ysie c's ne 150.8 
Costa Ritae hin. ses: 176.8 
BN TC Me ne Peak 0, St sey S ul hsithesaie <9: alarels 272.8 
El Salvador 342.0 
CAPE TR SST Dc ot SAE Re oS i ates ot fa ie 357.0 


* Includes “Intestinal Infection.” 
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100,000 population. In 4 others, rates are between 50 and 100; in 6 they are 
between 100 and 200; in 1 between 200 and 300; and in 2 over 300. The 6 
countries with the highest rates are those south of the Rio Grande and north 
of Panama. Those with the lower rates are the countries with more temperate 
climates in the far south of South America. 

Only limited mortality data are available from Brazil, the second most 
populous country in the Americas. In Sao Paulo, Brazil, the rapidly growing 
modern industrial city of the south, there were 124 deaths per 100,000 popula- 
tion from diarrhea and enteritis in 1952. In the same year, in other urban 
centers from which limited data were available, the total reported deaths from 
diseases of the digestive system were 306 per 100,000 population, which suggests 
a rate of about 250 deaths from diarrheal diseases. Obviously, in this vast 
country of about 60 million population, there is currently a high mortality 
from acute diarrheal diseases. 

The 5 major causes of death in 1952 have been reported by 16 of the coun- 
tries of the Americas other than the United States and Canada. In 9, the 
the diarrheal diseases were the major cause of death, and in 3 others it was 
second in order of importance. In 4 countries only, these diseases did not ap- 
pear as one of the 5 major causes of death. On the basis of this evidence, the 
prevention of diarrheal disease must be acknowledged as the major public 
health problem in most of the countries of the Americas. 

Though the current problem is of great magnitude, there is evidence of a 
gratifying downward trend in mortality, at least in Mexico. The data in 
FIGURE 2 are taken from the studies of Olarte, Aldama, and Varela. In Mexico 
City, 25 years ago, the mortality from diarrhea and enteritis varied from 500 
to more than 700 deaths per 100,000 population, rates even above those for 
New York City prior to 1875. The rate of decline in the Republic of Mexico 
from 1931 to 1950, however, closely paralleled the rapid decline in New York 
City from 1868 and 1887. At the end of these two decades, in New York in 
1887 and in Mexico in 1950, the mortality was approximately the same, about 
300 deaths per 100,000 population. The difference is one of time. 

Turning from the Americas to other populous areas of the world, there are 
very limited data from Africa or Asia. The problem of diarrheal diseases has 
been studied in Cairo, Egypt, by the United States Navy Medical Research 
Unit No. 3, and the high prevalence of enteric infections has been clearly dem- 
onstrated.? For the country as a whole, mortality data are available only from 
localities with a “Health Bureau.” In 1952, in these regions, the reported 
mortality from diarrhea and enteritis was 766 deaths per 100,000 population. 

For Asia, data are available from Japan, which has rather well-developed 
medical and health services. The mortality rate from diarrheal diseases in 
that country in 1952 was 67 per 100,000 population. Ceylon reported findings 
also, with a total of 54 deaths from diarrheal diseases per 100,000 population. 
The reliability of these data is unknown, though De Silva,’ of Ceylon, calls 
attention to an increasing mortality in children under two years for the period 
from 1946 to 1952, a condition that suggests an improvement in previously in- 
complete reporting of causes of death. 
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The extent of the problem may be examined further by determining which 
countries have a relatively low mortality from diarrheal diseases. These ob- 
servations are probably quite dependable, due to the usual association of ade- 
quate medical and health services and complete reporting of causes of death and 
low mortality from infectious diseases. ‘The mortality from diarrheal diseases 
in 1952 was less than 10 per 100,000 population in only a few countries. These 
included the United States, Canada, Australia, New Zealand, and the north- 
western countries of Europe. Portugal, to the south, which was not included, 
reports a mortality of 130 for diarrheal diseases. The rate for Spain is lower, 
but still high. These countries of low mortality, together, have a population 
of approximately 300 million, or only one eighth of the total world population. 
Thus most of the world’s children must still live through a substantial risk of 
acquiring a fatal diarrheal disease. 

Illustrative age-specific death rates are given in TABLE 2. These provide 
full justification for emphasis on the control of diarrheal disease in infants, 
When there were 200 deaths per 100,000 total population in New York City, 
there were 4,496 infant deaths per 100,000 population under 1 year of age. It 
is observed, in contrast, that the death rate in older children and young adults 
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TABLE 2 


Acr-Speciric DratH Rates (PER 100,000 PorpuLaTION) FOR DIARRHEAL DISEASES 
BY AREA AND YEAR 


New York 
Costa Rica Colombia Venezuela 
Age 1953 1948 1951 
1901 1910 1920 
‘Potalemecmnc ce wve 200 136 52 155 144 85 
0-1 4496 3806 1796 2642 2302 1517 
1-4 470 295 120 326 363 193 
5-9 23 8 5 24 28 14 
10-14 12 4 i 2 10 3 
15-24 6 1 1 4 12 2 
25-34 14 5 2 3 15 ) 
35-44 16 5 3 4 26 4 
45-54 30 16 5 14 23 11 
55-64 100 44 11 47 55 17 
65-74 249 125 29 165 141 37 
75 and over 529 329 124 313 379 71 


was low, but in individuals of more than 75 years, there was again a substantial 
rise to a maximum of about one tenth the rate for infants. An examination 
of age-specific rates further shows that in the decline of mortality, there was 
an earlier and more rapid fall in the mortality in older children and adults as 
compared with a slow and delayed decline in infants. The current age distri- 
bution of deaths in three countries to the south are closely similar to those for 
earlier years in New York. The need for control in infants is more urgent and 
attaining prevention is more difficult. 

Thus, it may be concluded that the acute diarrheal diseases either have been 
or are now the major disease problem of infants and children in all countries. 
The present variations in mortality from these causes in different areas are 
related chiefly to differences in the rapidity with which these preventable dis- 
eases have been controlled. In some cities and countries, present mortality 
from these causes is less than 1 per cent of that of earlier years. In others, for 
varying reasons, the downward trend has scarcely begun. It may be assumed 
that in populous and economically backward countries with inadequate medi- 
cal and health services the mortality rates from diarrheal diseases, though un- 
available, are still at a maximum level. We have before us for consideration, 
therefore, one of the world’s oldest health problems which remains today as the 
major killer of infants and children in many lands. 


Etiology 


Historically, the outstanding feature in the accumulation of knowledge of 
the etiology of diarrheal diseases of infants and children has been the wide 
differences in opinion and in teaching. This can mean only that evidence was 
variable, insecure, or lacking. This, in turn, was partly related to the fact that 
when or where diarrheal diseases were prevalent, ordinarily facilities for their 
study were lacking. As medical and social conditions improved, opportunities 
for study became available, but the need and urge for study declined with the 


Hardy: Diarrheal Diseases of Man 11 


reduction in the incidence of disease. This inverse relationship of need and 
opportunity largely accounts for the fact that studies of diarrheal diseases in 
areas of high prevalence are limited and wholly inadequate. These diseases, 
which are currently the major cause of death in about half of the countries of 
the Americas and in many other parts of the world, obviously have not received 
the attention of medical scientists which their relative importance warrants. 

There is ample evidence that valid findings in the etiological study of diar- 
rheal diseases differ by area, age, character of illness, and by season. Flexner 
and Holt, however, in their surprisingly effective studies in New York City in 
1903, established a major observation in the etiology of diarrheal disease. Since 
then, it has been adequately confirmed that, where endemic diarrheal disease 
of infants and children is prevalent and with a high summer incidence, the 
commonest single cause is Shigella. Consider, for example, the recent observa- 
tions of Floyd,? and of Higgins, Floyd, and Kader.’ Studying representative 
children in an Egyptian village, they found first that virtually every child 
acquired Shigella infection, with or without symptoms, one or more times dur- 
ing the year. As high as 25 per cent of these representative children were 
found infected with Shigella by a single culture examination during the summer. 
These investigators found also a high correlation between the occurrence of 
diarrheal disease and the isolation of Shigella. Repeatedly, and in many coun- 
tries, it has been found that where diarrheal disease is a common and serious 
disorder of children, Shigella infection is prevalent. This important role of 
Shigella in the etiology of diarrheal disease is given particular emphasis, since 
shigellosis is not scheduled for discussion in this monograph. 

Salmonellosis, however, will receive subsequent consideration. At this time, 
attention is called only to the marked variation in the relative prevalence of 
Shigella and Salmonella. Commonly, many more cases are found due to the 
former than to the latter. For reasons not clearly established, however, 
Salmonella has been found to be a more important etiological agent in some 
areas than Shigella, 

While the etiological role of these two organisms in diarrheal disease is estab- 
lished, it is nevertheless highly significant that in all studies there is a variable 
but substantial percentage of cases from which neither Shigella nor Salmonella 
can be isolated. Moreover, the percentage of “negative” cases is particularly 
high in young infants and, in the milder, less acute illnesses of older infants 
and young children. Indeed, in many areas with modern living facilities, 
shigellosis as a significant problem has been eradicated and salmonellosis is 
comparatively rare. Problems of diarrheal disease still persist, however, even 
though, by comparison, the mortality is gratifyingly low. The importance of 
etiological studies of these persisting illnesses is readily acknowledged. 

Concerning other causes, there is wide agreement that Endamoeba histolytica 
is not an important cause of diarrheal disease of the young. 

The role of bacterial agents other than Shigella and Salmonella, and particu- 
larly the enteropathogenic Escherichia coli will receive detailed attention in 
this monograph. The latter has been detected largely in residents of communi- 
ties with modern sanitation. Is it possible that the control of dissemination 
of fecal pollution may be reducing immunity to £. coli infections so that the 
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young infant lacking protection acquired from the mother is susceptible? This 
question is introduced to stress the importance of critical studies of the etiologi- 
cal role of enteropathogenic E. coli in countries with poor sanitary facilities 
and a high incidence of diarrheal disease. 

The area of the unknown in the etiology of diarrheal diseases presumably 
will be reduced by the rapidly expanding studies of enteric viruses. 

The detection of known or probable etiological agents will not be the com- 
plete answer to the pathogenesis of diarrheal disease. For example, future 
studies must establish whether viral agents may act alone, or in association 
with bacteria or other agents, to cause diarrheal disease in humans. The role 
of nutritional status per se and its significance in modifying susceptibility to 
enteric infection is highly important and must be clarified. The study of the 
interrelationship of these varying factors may well prove to be the most com- 
plex, and the most important problem in the investigation of the etiology of 
the diarrheal diseases. 

In areas where facilities for study are accessible, there are broad gaps in the 
knowledge of the etiology of diarrheal diseases. In areas of high prevalence, 
there is very little secure evidence as to the various causes of these diseases. 
Particularly in these latter regions, a broad plan of study needs to be carried 


forward vigorously—as is appropriate for diseases which are a major cause of 
death. 


Control 


Available mortality data indicate that acute diarrheal diseases are a chief 
cause of death in many countries. This position as a major killer of mankind 
has been shared with malaria, tuberculosis and, periodically, with varying 
epidemic diseases. The malariologist could describe here the highly effective 
specific methods that have been used and are being applied with the hope of 
eventually eradicating malaria. This active campaign of magnificent propor- 
tions is a glowing example of successful public-health practices. Those con- 
cerned with tuberculosis can record the less dramatic but increasingly effective 
campaign against that disease. For the epidemic infections, there are the 
differing stories of the specific measures used to eliminate previous scourges— 
smallpox, diphtheria, typhoid, typhus, and yellow fever, to mention but a few. 
But what may be said for the means used to control the diarrheal diseases? 
There has not been and there is not now a generally accepted and widely ap- 
plied program directed specifically at the control of these predominantly in- 
fectious disorders. 

There appear to have been various reasons for this lack of a concentration 
of public-health attention specifically on the diarrheal disorders. Obviously, 
not one disease but a group of etiologically distinct entities had to be con- 
sidered. This imposed difficulties in planning control. The role of defective 
feeding in these disorders was so emphasized in the past that control of diar- 
rhea was regarded as a problem to be solved chiefly through attention to in- 
fant feeding. Even when these illnesses were considered as predominantly in- 
fectious diseases, there were no explosive epidemics to focus attention on the 
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magnitude of the problem. Deaths from typhoid fever were relatively few 
by comparison, but startling outbreaks of that disease commanded action. 
The prevention of typhoid fever was accepted as a major public-health problem, 
and it was generally assumed that measures of community sanitation effective 
in preventing that enteric infection would have equal value in the control of 
diarrheal diseases. It was strikingly clear in some cities, notably Philadelphia 
and Pittsburgh, Pa., that this assumption was unwarranted. This isunderstand- 
able, now, from the more adequate knowledge of the epidemiology of the diar- 
rheal diseases. We do not recognize variations in the value of human life by 
age, but one cannot escape the opinion that there was less concern for the diar- 
rheal diseases since they were a hazard chiefly to infants. Deaths of the young, 
while unfortunate, were considered inevitable. Whatever the causes, there 
has not been and there is not now any specific activity for the control of diar- 
rheal diseases that compares with the extensive programs employed in attack- 
ing the other major killers of mankind. The world-wide importance of diar- 
rheal diseases as a cause of mortality urgently demands more attention to this 
complex problem. 

There is the record of history that the diarrheal diseases are preventable. 
Prevention may be attained slowly, predominantly through the improvement 
of living standards, as apparently was the case in the United States, but a 
rapid decline in mortality and morbidity undoubtedly could be attained through 
acknowledging the relative magnitude of the problem and attacking it from 
multiple directions with appropriate force. 

Diarrheal diseases in the United States have declined to a remarkable degree 
but they are a continuing current problem, calling for the interest of investi- 
gators, administrative health officers, and clinicians. For the other countries 
of the Americas, the prevention of deaths from diarrheal diseases must be 
acknowledged as a major health problem, urgently calling for more attention 
than it has received in the past. The evolution of effective means for the rapid 
control of diarrheal diseases in these areas of high prevalence may be our best 
contribution to other countries with similar needs. The practical public- 
health control of diarrheal diseases has not been solved satisfactorily. This 
problem stands challengingly before us. 
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DIARRHEAL DISEASES OF ANIMALS: AN APPRAISAL 


By William A. Hagan 
New York State Veterinary College, Cornell University, Ithaca, N. Y. 


Diarrhea is a symptom of many diseases. In some cases it is the principal 
symptom, the others being secondary. In many other instances the diarrhea is 
definitely secondary to primary processes occurring elsewhere than in the 
alimentary tract. In the first instance, the cause must be sought in the ali- 
mentary canal. It may be the result of inflammatory changes induced by 
plant or mineral poisons, of the irritation caused by the presence of animal 
parasites, or of enteric infections with protozoa, bacteria, or viruses. Transi- 
tory diarrheas are common in animals following sudden changes of the diet as, 
for example, when herbivorous animals are turned out to pasture in the spring. 
In the second category, a long list of generalized infections of animals in which 
diarrhea is a prominent symptom might be given. A few examples are rinder- 
pest in cattle, cholera in swine, Rift Valley fever in sheep, distemper in dogs, 
panleucopenia in cats, and psittacosis in birds. 

The agents that cause diarrheal diseases in animals fall into the same groups 
as those that are active in man with a single important exception, the coccidia. 
Coccidiosis generally takes the form of intestinal infections. Many of these 
are severe and highly fatal, particularly in young animals. We find important 
diseases caused by coccidia in all species of domesticated animals, with the 
exception of the horse. There are, of course, no important coccidial infections 
in man. 

Animals are not as fastidious in their eating habits as man, and very often 
they are kept under conditions that do not permit them to be as fastidious as 
they would be if they were leading a free existence. When animals are kept in 
close confinement with many others of their kind and are compelled to take 
their food from the ground, they are frequently subject to massive exposure to 
many enteric infections derived from their herd or flock mates. 

For the most part, our domesticated animals are raised for economic reasons 
only and there is little sentiment attached to the question of whether they live 
or die. Because of the high cost of labor, animal owners frequently conclude 
that it is more economical for them to accept moderate losses from enteric dis- 
eases than it is to take the precautions necessary to prevent them. The eco- 
nomics of the livestock industry is geared for certain disease losses. You and 
I pay for them when we buy meat, eggs, and other foods of animal origin. The 
livestock man pays for them only when the losses exceed the usual amount. 
If city dwellers only realized this, they might change their widely held idea 
that animal disease is a matter only for farmers to worry about. The practice 
of veterinary medicine is very much like the practice of human medicine, since 
the same principles and remedies are used. The greatest difference lies in the 
fact that animal life is not valued as highly as human life. Many surgeons 
collect fat fees from patients that are not worth 15 cents to society, whereas 
such uneconomic procedures have no place in veterinary practice, except to a 
small degree when pet animals are the patients. 
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The losses among animals from diarrheal diseases are very largely among 
the very young. Udall" in the United States and Jordan® in England claim 
that calf losses from a common enteric ailment amount to about 20 per cent. 
In small herds these losses usually are smaller but, in many large herds, they 
often are much greater. Many young pigs are lost annually from a virus-in- 
duced diarrhea. Puppies, kittens, and lambs suffer from highly fatal enteric 
infections. I have already mentioned the coccidial infections which cause 
severe losses in poultry, lambs, and calves, and lesser losses in swine, dogs, and 
cats. Pullorum disease has now been brought under fairly good control in 
this country, but this disease formerly took a heavy toll in young chicks and 
poults. Paratuberculosis, or Johne’s disease, in cattle is an enteric infection 
that is becoming of increasing importance in the United States. This is an 
infection with a specific acid-fast organism manifested by profuse and constant 
or intermittent diarrhea that leads to the death of most of its victims. The 
disease is seen most often in animals that are two to three years of age. In- 
fections, however, occur mostly in calfhood, the incubation period being long. 

An interesting and important difference exists in the mechanism by which 
man and the domesticated animals protect their very young from the infective 
agents that they encounter immediately after birth. The human infant, as 
well as the newborn of the ape, the rabbit, the guinea pig, the rat, and the mouse 
are fully equipped at birth to resist many infections by virtue of the antibodies 
that they receive, passively, from their mothers while im utero. Ehrlich? prob- 
ably was the first to show that antibodies could traverse the placenta from dam 
to fetus. It was much later that Little and Orcutt’ showed that this was not 
the case in cattle. We now know that this is not true for many of the domesti- 
cated mammals. 

It is a very surprising fact that the blood of the newborn calf contains neither 
antibodies nor even any globulins (Howe*). As it arrives in the world, the 
calf, therefore, lacks any antibody protection. Nature makes good this over- 
sight, under usual circumstances, by packing these substances in high concen- 
tration in the colostrum or first milk of the dam. In the normal course of 
events, the newborn suckles within a few minutes after it is born. At that 
time its intestinal tract apparently has a degree of permeability that it very 
quickly loses, for the antibodies and globulins that are ingested shortly after 
birth may be found in the blood within an hour or two after ingestion. When 
the calf becomes several days old, antibodies so fed do not traverse the intestinal 
wall (Smith and Little’). 

When all is going normally, the one system of protecting the newborn seems 
to work as well as the other. The system of placental transmission, however, 
is the more foolproof, since neither chance nor the deliberate machinations of 
man can prevent the infant from getting his ration. These factors can and do 
operate in the case of animals. 

If the young calf is prevented from getting colostrum, or if the cow is milked 
almost to calving time, so that little colostrum has been allowed to collect, 
the calf’s early career is likely to be stormy and its chances of surviving the 
first two weeks of life are not good. Within a few hours, or a day or two at 
most, such animals usually become greatly depressed, develop profuse diarrhea 
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(scours), become comatose, and die. The whitish-yellow fecal discharges con- 
tain much mucus, sometimes streaks of blood, and often many gas bubbles. 
The odor is sourish and unpleasant but not putrefactive. Cultures show tre- 
mendous numbers of coliform bacteria and hardly anything else. The same 
organisms are found in the blood and all tissues after death, and usually may 
be recovered from the blood before death. The calf apparently is overwhelmed 
by a colon bacillus septicemia. 

Jensen‘ long ago unearthed most of these facts and termed the disease a 
“colibacillosis”. Many others have confirmed these findings and have studied 
the coliform organisms, endeavoring to learn whether or not they differed in 
any way from the same species found in normal animals. The earlier workers 
were unable to find any distinguishing characteristics of these ‘“pathogenic” 
strains. When administered to adult cattle or to older calves by mouth in 
very large doses, these strains were no more damaging than strains derived 
from normal animals, that is, both were nondisease-producing. For these 
reasons many workers have been skeptical of these organisms as the true incit- 
ing cause of the disease. 

The autopsy findings leave no room for doubting that the immediate cause 
of death in this disease is Escherichia coli. Since serological typing of this 
organism has been done, a better opportunity has been presented of learning 
whether the so-called pathogenic forms are really any different from others. 
More work to elucidate this difference needs to be done, but that reported by 
Wramby, cited by Lovell,’ and that of Lovell himself, indicates that the types 
found in calf scours may also be found in apparently normal animals. Both 
investigators found, however, that certain types occurred much more commonly 
in cases of calf septicemia than others. Lovell concludes that “the etiological 
significance of strains of Bacterium coli in white scours of calves, as well as in 
some forms of diarrhea in babies, would seem to be established.” Although 
several thousand cultures from calves were typed, neither Lovell nor Wramby 
found any of the types that have been found most frequently associated with 
diarrhea in infants. It appears probable, therefore, that the types affecting 
the two species are different. 

It is not to be inferred from what has been said that calf scours occurs only 
in calves from which colostrum has been withheld. A clinically identical dis- 
ease occurs in calves that have received colostrum. This disease is not often 
a serious problem in small herds but, in larger ones, in which many calves are 
born each year, it sometimes reaches disastrous proportions. Most of these 
herds have special calf barns that often are elaborately equipped. Such barns 
frequently become pesthouses, since the disease is continuously propagated in 
the new calves that are brought in at frequent intervals. The character of the 
disease is quite like that seen in calves that have been deprived of colostrum, 
and the tissues of the victims are flooded with the same types of coliform bac- 
teria. This disease, however, is highly contagious, and many of the individuals 
that manage to weather its onslaught during the first few days of life develop 
pneumonia subsequently. Coliform bacteria are not present in the tissues of 
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the pneumonic cases, but rather a miscellaneous collection including strepto- 
cocci, pasteurella and, most frequently, Corynebacterium pyogenes. 

Skepticism about the primary role of £. coli in scours has frequently been 
expressed in the past, and many investigators have speculated about the possi- 
bility of one or more viruses being implicated. The first evidence of such a 
situation was provided by Baker,! who isolated a virus in 1942 from the pneu- 
monic lungs of calves sick from this disease. With this agent, which he was 
able to propagate for many generations in mice, Baker was able to produce 
both scours and pneumonia in normal calves. Moll? in 1952 was able to dup- 
licate this work, and to show that the disease produced by experimental inocu- 
lation was naturally transmissible to other calves by pen contact. It therefore 
seems probable that the old familiar calf scours in colostrum-fed calves is a 
colibacillosis which occurs, as a rule, only in individuals that have their colos- 
trum-induced resistance broken by other factors, of which the most important 
seem to be viruses. 

Mention should be made here of the filterable agent that Light and Hodes® 
isolated from the stools of human infants suffering from diarrhea, that produces 
a severe hemorrhagic diarrhea in young calves. So far as I know, this agent 
has not been compared with any of those isolated from naturally infected calves, 
hence the relationship, if any, is not known. There never has been any evi- 
dence presented that served to relate the human and the calf diseases, in spite 
of their clinical similarity. 

Since others in these pages will deal with specific enteric infections in animals, 
there is no occasion for me to deal with them here. The natural reservoir of 
the Salmonella is in animals, in which they occur both as inapparent infections 
and as the cause of diarrheas and severe septicemias. Certain clostridia cause 
highly fatal enteric diseases, especially in sheep. A number of different viral 
agents have been identified in connection with diarrheal diseases in animals— 
in fact, such diseases occur in practically all species. Finally, we have a num- 
ber of diarrheal diseases, one being the so-called “winter dysentery” of cattle, 
in which the causative agent has not yet been identified with certainty. The 
role of other viruses, such as the psittacoid agent of York,!* which seems to be 
fairly widespread in cattle, is still not fully elucidated. It seems highly prob- 
able that future investigations will bring to light still other agents that are 
carried blindly by animals, that is, not appearing until precipitating factors or 
stresses bring them to light in the form of diarrheas. 

In every species of domesticated animals, we have serious and fatal diarrheal 
diseases. Comparisons of some of these ailments with those recognized in 
man are sure to be helpful. Such comparisons are made elsewhere in this 
monograph. 
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HOST-MICROBE RELATIONSHIPS 


By W. J. Nungester 
Depariment of Bacteriology, University of Michigan, Ann Arbor, Mich. 


Host resistance is one of the two major factors controlling the infectious 
process, pathogenicity of the infecting organism being the other. This has 
been recognized since the early days of microbiology. It is recognized that 
certain general factors play important roles in host resistance. The age of the 
individual, his nutrition, the general state of his health, and other general fac- 
tors all must be considered in defining host resistance. Also, the experience 
of the host with respect to previous exposures to antigens as a result of clinical 
or subclinical disease, or active immunization, may contribute materially to 
specific resistance or immunity. In this presentation, however, attention will 
be directed primarily to natural or innate host resistance. 

Progress has been made in resolving the general factors of natural or innate 
host resistance into specific mechanisms. Our knowledge of the humoral fac- 
tors, particularly the action of blood serum on microorganisms, has increased 
somewhat since it was first observed that heat-labile factors of serum acted on 
gram-negative bacteria, and that the heat-stable factors, the beta lysins, pos- 
sessed antimicrobial properties against the gram-positive microorganisms. 

The heat-labile or complement factors in blood serum have been extensively 
studied, particularly as they affect the hemolytic reactions.1.? We are not 
too certain, however, as to the relationship of hemolytic complement and the 
heat-labile antimicrobial factors in serum, sometimes referred to as bactericidal 
complement. Possibly bactericidal complement requires a fifth component for 
its action. The discovery of properdin by Pillemer*? may help in resolving 
the apparent difference between hemolytic and bactericidal complement. 

Since there is currently a strong tendency to relate certain strains of Escher- 
ichia coli to infectious diarrhea of the newborn, it would seem appropriate to 
determine the action of the bactericidal serum complement components, in- 
cluding properdin, on the particular strains of £. coli thought to be the cause 
of this disease. If bactericidal complement does act on these strains, which 
may or may not be true, then the question arises as to whether these antimi- 
crobial factors are present at birth. 

Dancis and Kunz‘ have noted that the bacteriostatic activity of serum of 
both full-term and premature infants at birth was not too different from that 
of older children or adults, but that this activity tended to disappear within a 
few weeks and then to reappear after a year or so. This lack of bactericidal 
action of serum of infants older than two weeks against gram-negative organ- 
isms (E. coli, Salmonella derby, and Neisseria catarrhalis) was not related to 
hemolytic complement but appeared to be associated with a factor in serum 
gamma globulin. 

Other body fluids, such as gastric, pancreatic, and intestinal secretions, may 
well be concerned in the resistance of the infant to the entrance of microorgan- 
isms by way of the gastrointestinal tract. Unfortunately, very little has been 
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done to evaluate the role of such secretions in the host resistance of man at 
any age, let alone that of the infant. 

It is currently recognized that bacterial ecology may play a role in host re- 
sistance. Disturbances in the bacterial flora of the intestinal tract produced 
by the administration of antibiotics may result in an overgrowth of potential 
pathogens as Micrococcus pyogenes or the yeasts usually present in small num- 
bers in this area. Miller and his colleagues® have recently reported a tremen- 
dous decrease in the resistance of mice to Salmonella following a disturbance 
of the normal flora of the mice by preinoculation treatment with streptomycin. 
In recent studies in our laboratory, James Crawford has investigated the antag- 
onism of bacteria isolated from the upper respiratory tract of man.* He found 
that of 33 strains of gram-positive cocci isolated from patients, 26 inhibited 
pneumococcus type I, 4 inhibited group A Streptococcus type 3, and 4 were able 
to prevent growth of NV. catarrhalis. Other groups of bacteria from patients, 
such as gram-positive and gram-negative rods and Neisseria, also had some 
bacteriostatic effect on the test organisms investigated. If the normal flora 
does act as a defense mechanism, obviously the infant may be vulnerable to 
certain organisms that normally are held in check in the older host by the 
established flora. 

Microorganisms in the inhaled air impinge on the mucus layer of the respira- 
tory tract. They are either destroyed by the defense mechanisms in this 
tract or are moved by ciliary action to the oral pharyngeal area and swallowed. 
Thus airborne organisms, including the etiological agent of infant diarrhea 
present in hospitals, will reach the gastrointestinal tract unless they are de- 
stroyed in the upper respiratory tract. Bacterial ecology of the upper respira- 
tory tract, as well as of the intestinal tract, therefore, must be considered in a 
study of host resistance to the causative agent of diarrhea of the newborn. 

The phagocytic cells of the host are recognized as playing an important role 
in host resistance. There is general agreement as to the various types of cells 
that possess phagocytic properties. These, of course, include the circulating 
and fixed phagocytes. The first prerequisite for phagocytosis is contact be- 
tween the phagocyte and the microorganism. Chemotaxis, or attraction of 
wandering phagocytic cells to bacteria, may be either positive or negative in 
sense, depending on the microorganism concerned. The physical structure of 
the medium in which the phagocytic cells and bacteria are found may be quite 
critical in determining whether or not phagocytosis occurs. Wood and his 
colleagues’ have emphasized this phase of the problem under the title of “sur- 
face phagocytosis.” ‘The fixed phagocytes of the spleen, liver, bone marrow, 
etc., may be aided in making contact with bacteria carried to them by the blood 
stream by virtue of a decreased rate of flow of blood through a large capillary 
bed. Also, it is possible that blood flow may actually be momentarily stopped 
in certain capillaries in the bed by a valvular control of these capillaries as 
suggested by Knisely.6 If we admit the possibility of such a valvular mecha- 
nism, the question then arises, at what age in the developing infant does it 
begin to function? 

Once contact between the pseudopod of the phagocyte and microorganism 
is made, phagocytosis may or may not occur, depending on the presence in the 
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serum of normal opsonins, immune opsonins, or the nature of the phagocyte, 
the strain of the microorganism, and other factors such as an adequate ascorbic 
acid level in the phagocytic cell.® 1° Something, but not enough, is known of 
the comparative physical and chemical properties of the phagocyte and the 
microbe as affecting this important defense mechanism. It is confusing to 
realize that both phagocyte and microorganism carry an over-all negative 
charge." Possibly if we knew more of the dynamics of this process, this anom- 
aly might be resolved by finding that the portion of the pseudopod, or at least 
its advancing portion making contact with the microorganism, actually carried 
a positive electrostatic surface charge. 

It has often been stated that the bacterial capsule interferes with phagocyto- 
sis, which may or may not be true, depending on the host of origin of the phag- 
ocyte and the strain of pathogen. The chemical nature of the capsule, as a 
factor determining whether or not phagocytosis will occur, appears to be more 
important than its physical structure. 

Once phagocytosis has occurred, the pathogen must be destroyed if this 
process is to be an effective host-defense mechanism. For many years it has 
been realized that phagocytic cells varied markedly in their ability to destroy 
microorganisms. Whether or not the microbe is or is not destroyed depends 
on such factors as the host of origin of the phagocyte, the type of phagocytic 
cell, whether or not the host has been previously immunized, and the strain of 
microbe. The enzymatic mechanisms by which microbes are destroyed 
within phagocytic cells have not been clearly defined to date. Advances 
are being made, however, in the general enzymology of phagocytic cells. 
Various enzymes have been isolated from these cells,” their metabolisms have 
been studied to a limited degree,’ and a few investigations on the effect of 
fractions of the pathogens on the metabolic mechanisms of leukocytes from 
resistant and susceptible hosts have been made. In our laboratory, some 
comparative studies of this nature have been done by Alonso,'* who has found 
that the specific polysaccharide of type I pneumococcus stimulated anaerobic 
acid production by rat leukocytes about 10 times more than it stimulated the 
same metabolic activity of guinea pig leukocytes over a period of observation 
of 90 minutes. The guinea pig is many times more resistant to the pneumo- 
coccus type I than is the rat. 

Since energy is required for all phases of the phagocytic process, Murayama,'® 
in our laboratory, studied the effect of pneumococcus type I polysaccharide 
and the anthrax-immunizing antigen of Wright'® on the adénosine triphospha- 
tase (ATP’ase) activity of this enzyme isolated from rat and guinea pig leuko- 
cytes. These animals vary markedly and in an opposite sense in their suscepti- 
bility to the pneumococcus and Bacillus anthracis. Muryama found that the 
ATP’ase from the leukocytes had greater activity in the presence of these 
“virulence factors” if the enzyme came from a resistant animal, and was de- 
pressed if the enzyme source was a susceptible animal. 

Since the ultimate conflict of the pathogen and the host is decided at a bio- 
chemical level, it would seem very desirable that more comparative biochemical 
investigations be made of host resistance mechanisms. 

Bacon, Burrows, and Yates!” have found that certain strains of Salmonella 
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unable to synthesize para-aminobenzoic acid (PAB) would not produce infec- 
tion in mice unless the level of available PAB in the mouse was artificially 
raised. This approach to a biochemical basis for host resistance emphasizes 
the possibility that host resistance may depend on the absence of a necessary 
growth factor for the parasite. Conversely, of course, the presence of an anti- 
microbial factor in the host may prevent growth of the parasite. Obviously, 
both approaches must be developed if an adequate understanding of host re- 
sistance is to be acquired. 

The mechanism of disease production is an important consideration in natural 
host resistance. Unfortunately, very little is known of the actual mechanisms 
involved in the production of signs and symptoms of disease in most infectious 
diseases. Certainly, infant diarrhea is one such disease in which our knowledge 
of the pathogenesis is lacking. The difference in susceptibility of two infants 
equally exposed to the etiological agent of infant diarrhea may depend in part 
on the ability of the organism to survive and grow in the body and in part to 
the reaction of the infant to the biochemical factors elaborated by microbial 
growth. 

Although there is little definitive knowledge as to how microorganisms pro- 
duce disease, it is in order to review briefly what information we do have. 

In some infections there is actual destruction of vital tissues of the body, as 
in poliomyelitis, syphilitic aortitis, and hepatitis. How these tissues are de- 
stroyed is not obvious, yet the fact that we know that they are gives some satis- 
faction in explaining the pathogenesis of these diseases. 

In botulism it is now known that the toxin blocks the transmission of the 
nerve impulse across the neuromuscular junction. This gives an adequate ex- 
planation of the cardinal signs of this disease. 

As a general proposition it may be said that the circulating blood is altered 
in an infectious disease. The changes that occur may impose an increased 
burden on the cardiovascular system, as seen in the intravascular clumping of 
red blood cells by bacterial polysaccharides which Youngner and Nungester ob- 
served in 1944'* or in the related ‘‘sludging”’ of blood as reported by Kniseley.!® 
The latter phenomenon is by no means limited to infectious disease. In either 
case a microscopic observation in arterioles of the circulating blood so affected 
impresses one with the increased cardiovascular effort required to keep the 
affected blood moving at an adequate rate. 

The recent publication of Smith and his colleagues from England? on the 
pathogenesis of anthrax directs our attention to the effect of microbial infections 
on such subtle physiological reactions as shock, with its endocrinological impli- 
cations. The introduction of ACTH and related compounds into medical 
practice has not only made possible the control of some of the signs and symp- 
toms of the infectious process, but has suggested that disturbance of the pa- 
tient’s endocrine physiology may be an important factor in disease production 
in infections. 

Miller has reported that the endotoxin of the meningococcus interferes 
with glycogenesis by the liver. The current interest in electrolyte distribution 
between tissues and body fluids in shock and other clinical conditions may 
ultimately lead to a better understanding of the origin of signs and symptoms 


Nungester: Host-Microbe Relationships 23 


in infectious diseases. Certainly in infant diarrhea there is marked alteration 
in electrolyte balance as a result of the infectious process. 

In summary, it must be assumed that host resistance to a given parasite is 
an algebraic summation of the various defense mechanisms of the host. In 
the future it may be possible to set up an equation with appropriate qualifying 
exponents to describe the total resistance of the host. This is currently done 
to a limited degree in describing the resistance of the immunized host with 
respect to circulating antibodies. Even here, this approach is not entirely 
adequate, since no measure is made of intracellular antibodies and since the 
natural or innate defense mechanisms are not adequately considered as an im- 
portant component of the entire picture. 

Biologists, as a class, are not sympathetic to the mathematical approach. 
Two reasons for this are apparent. First, much of our data is not quantitative 
and, second, we, as biologists, usually lack a mathematical background. As 
our sciences mature, both defects will be corrected. Hence, we can look for- 
ward to a more exact description of host defense mechanisms even on a mathe- 
matical basis. 
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GENETICS AND NUTRITION OF THE HOST IN RELATION 
TO SUSCEPTIBILITY TO INFECTION 


By Howard A. Schneider 
The Rockefeller Institute for Medical Research, New York, N.Y. 


The opening papers of this monograph have the theatrical assignment of 
erecting some of the scenery against which the action of the drama to follow 
will be appropriately set. They also serve as a background to remind us gently 
of the locale that brings together this varied cast, as its members successively 
appear. My background paper is a discussion of genetics and nutrition of the 
host in relation to susceptibility to infection. I think I must warn you that 
I shall use a large brush, and that, when finished, the piece will look its best, 
like most theatrical scenery, when viewed from a slight distance. 

Our discussion, then, will involve two sciences and one phenomenon: the 
sciences of genetics and nutrition and the phenomenon of susceptibility to 
infection. Let us assume that we are fairly clear about the general character 
of the descriptions and predictions that form the content and the aims of the 
two sciences of genetics and nutrition. If these sciences are left somewhat 
blurred by so cavalier a treatment, it is only because, for the moment, I want 
to focus more sharply on the notions that swim in our heads when we are con- 
fronted with the concept of susceptibility to infection. 

What is susceptibility to infection? 

One definition might be ‘‘the capacity to respond to a microbial agent with 
the signs and symptoms labeled as disease.” With increasing sophistication, 
we might broaden this definition to include those instances in which the patho- 
genic agent produced no overt disease, but was successfully entertained by the 
host. Historically, however, it is probably true that it was the signs and 
symptoms of disease that first aroused our interest. Let us accordingly use 
the former definition as a temporary touchstone. 

Where shall we find the phenomenon of susceptibility? 

Obviously, wherever we encounter disease, for the diseased host is, ipso 
facto, a susceptible host. In the natural history stage of such an inquiry we 
soon face the problem of categorization and, taking a clue from the taxonomists, 
we are able to distinguish susceptible species and insusceptible species in terms 
of any given specific pathogen. For example, H. Zinsser (1919), confining 
himself to some of the more important diseases of man, listed 24 different path- 
ogens to which a wide variety of other animal species proved to be insusceptible. 
Familiarity with these interspecific differences in susceptibility is so widespread 
as to pass almost unremarked, yet—and this may be the reason—the basis 
for these important differences is very poorly understood. Before we avert 
our gaze from this troublesome state of affairs, it might be useful to sketch 
briefly what is certainly not an insight or understanding but what might be 
euphemistically described as an attitude toward this problem. 

In describing these interspecies differences in susceptibility, which are of the 
all-or-none variety, I have continued to allude to the lack of susceptibility as 
insusceptibility and have avoided the use of the term “resistance.” My rea- 
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sons for this are purely semantic. Resistance is a Newtonian term with many 
connotations of an opposed force. As we shall see in the sequel, this word 
will be readmitted to our vocabulary in its logical role. At the moment, how- 
ever, there does not appear to be any evidence that insusceptible species are 
insusceptible because they contain entities that might logically be construed 
as being mechanistically opposed to activities of the pathogen and that are 
absent in susceptible species. 

To make this clearer, let us return to a scrutiny of the concept of susceptibil- 
ity. We have seen that this capacity to respond is an attribute of some species 
and not of others. In a word, it is a biological characteristic and thus is sub- 
ject, in an evolutionary sense, to the same laws that govern the transmission 
of other biological characteristics. This suggests that susceptibility has an 
hereditary basis, and the species differences would argue that this is indeed the 
case. There is a block, however, in the attempt to penetrate into the genetics 
of these interspecific differences, because the modus operandi of the geneticist, 
directed mating, is denied to us. This is due, of course, to the fact that inter- 
specific matings produce no viable offspring. In those rare instances in which 
viable progeny are obtained, as in the horse-donkey cross, I have been unable 
to find any data as to the fate of possible parental differences in susceptibility 
as they might be reflected in the hybrid progeny. It should be mentioned that 
such susceptibility as appears in both parents, as does susceptibility to equine 
encephalitis in horse and donkey, for example, appears in the interspecific 
hybrid, the mule. 

Having been helped but little by the operations of the science of genetics in 
our attempts to understand susceptibility in terms of interspecific differences, 
let us return to home base. 

When we turn to experimental nutrition we find that we are no better off in 
our attempts to understand the bases of interspecific differences in susceptibil- 
ity to infection. Although the data of comparative nutrition are somewhat 
inadequate, and a negative estimate is thereby limited, there is at present no 
basis for suggesting that any interspecific differences in susceptibility are ex- 
plicable on the basis of known differences in nutritional requirements. 

Let us now turn from interspecific differences to intraspecific differences in 
susceptibility, z.e., differences within species. Here we find that the directed 
breeding operations of the geneticist are completely available, and we have a 
considerable amount of material from which to choose our discussion (Gowen, 
1951). In fact, this material is rich and varied enough for us to make several 
generalizations. Thus, whenever the necessary energy of the investigator has 
been expended, it has been possible to demonstrate that inbreeding and selec- 
tion can arrange stocks of originally susceptible animal hosts that are divergent 
now in their susceptibility to infection. The extent of this divergence is a 
function of the original genetic heterogeneity with which the operations began. 
The pursuit of a totally insusceptible stock within an originally susceptible 
species seems to be unattainable, although the goal can be approached. The 
reason for this limitation may rest in limitations of the original gene populations 
or, more probably, may be inherent in the physiological boundaries to the phe- 
notypic expression of the selected character. 
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Another important contribution that genetic studies of susceptibility have 
made is that differences in susceptibility to one disease are independent of such 
differences in terms of a second disease (Webster, 1937). Susceptibility to one 
disease and a relative insusceptibility to another can be assembled in the same 
animal. ‘This is an important point, for it destroys completely the notion that 
differences in susceptibility can be embraced by such vague and sweeping no- 
tions as robustness or vigor. This demonstration is important, too, in that it 
makes necessary the introduction into this discussion of the element of specific- 
ity of the pathogenic agent. 

Although it is true that most of what has been learned about the genetic 
control of susceptibility has come from animal experimentation, it must not 
be forgotten that genetic influences operate in man as well. By means of 
identical-twin studies, it has been shown that genetic constitution plays a 
major role in susceptibility to tuberculosis, the correspondence between affected 
index cases and the monozygotic co-twin being of the order of 90 per cent. 
The correspondence between sibs and dizygotic co-twins was, by contrast, 
only 25 per cent (Kallman and Reisner, 1943). It is hard to imagine, without 
directed breeding, a more striking demonstration of the operation in the human 
population of heredity as a major determinant of endemic infectious disease. 

A recognition of host genetic constitution as a determinant of susceptibility 
to infectious disease underlines, once again, the central role in biology of the 
science of genetics. It is unfortunately true, however, that the very structure 
of human society prohibits the application of the geneticist’s operations, di- 
rected breeding, as a solution of the problems of infectious disease. In these 
matters, genetic solutions can be reached only by the long and tedious grind- 
ing of the evolutionary mill. In our impatience to deal with these matters in 
the here and now, it is understandable that we should turn elsewhere. In the 
space that remains, let us examine one such alternative—the effects of host 
nutrition on the problem of susceptibility. 

This is not the time or the place in which to discuss in detail the voluminous 
literature on nutrition and infection. The general drift of these attempts to 
relate nutrition and infection, however, have had several implications that, I 
think, have a relevancy to the subject of these papers. I should now like to 
discuss two of these implications. 

The first of these is that, for purposes of further analysis of the phenomena 
of susceptibility, it may prove helpful if we recognize that there are separate 
and distinct biological bases for susceptibility and for what is commonly regarded 
as its reciprocal—resistance. In other words, susceptibility and resistance are 
not different aspects of the same thing, but are separate and different things. 
The reasons for this distinction have become pressing as a result of the urge to 
form some coherent estimate of what appear to be conflicting experiences in 
nutritional experimentation related to the phenomena of infection. 

The troubles began, I believe, with the tacit assumption that survival in 
infectious disease was always and necessarily linked with the adding to or en- 
hancement of something in the infected host. This idea appears to have been 
generally accepted as a consequence of historical developments in the study of 
infectious disease, chiefly because of the great influence of immunology, which 
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is rooted in the notion of the causal connection between the adventitious anti- 
bodies and survival. ‘Something added” means “something required”’; so, 
with disarming consistency, the view was soon gained that only an abundant 
and optimum nutrition of the host could fill the seemingly logical demand. 
When we turn to the results of nutritional experimentation in the field of in- 
fectious diseases, however, we find that experience does not always conform to 
this simple view. The fact is that increased survivorship, or diminished sever- 
ity of disease can be achieved by withholding certain items from the diet; the 
same end can be reached by adding other items (Schneider, 1951, 1953). Thus, 
the desired goal can be approached by diametrically opposed and nutritionally 
unambiguous manipulations: deficiency on the one hand and supplementation 
on the other. If we are to remain clearheaded about this, I think the time has 
now come in which it will be useful to regard the susceptibility and resistance 
of an animal as separate and distinct biological attributes in an absolute sense. 
Our confusion has arisen, I think, because these two opposed characteristics 
are simultaneously present in the host, and because we are aware only of the 
resultant of these two opposed forces. Any given resultant—survival, death, 
or the stages between—can be achieved in two different ways: by the enhance- 
ment of the one attribute or the diminution of the other. The unambiguous 
operations of nutrition, the acts of withholding or supplying, now form the 
valid base for deciding which of these alternative processes has taken place. 
In order to find firm ground on which to stand, we can construct operational 
definitions. Thus, if withholding a given nutrient decreases the effect of an 
infection, and supplying the nutrient increases the effect, I think it will be use- 
ful if we say that the nutrient specified is a susceptibility factor, and that what 
we have manipulated is an abstraction that we shall call “susceptibility.” On 
the other hand, when experiment shows us that withholding a nutrient enhances 
the infection and supplying it diminishes the disease, then I think it will be 
useful if we state that this nutrient is a resistance factor, and what we have 
manipulated is the abstraction that we shall call ‘‘resistance.’”” We have now 
formally, and for the first time in our analysis, admitted the word “resistance.” 
We now have an operational definition, however, to help us recognize its face 
when we meet it on some dark and stormy night. 

Let me be clear about this. I am under no illusion that the operational 
definitions I have proposed will change our common discourse on these affairs. 
As far as describing our experiences, I am certain we shall all continue to use 
“more resistant” and “less susceptible” as equivalent and interchangeable. 
I submit, when we do so, however, we shall continue at the level of common 
discourse, and never get beyond it. It is when we come to analysis that we 
shall find the operational definition useful, and our ability to distinguish be- 
tween resistance and susceptibility more than a nicety, but, I think, a necessity. 

Among several examples of a specific nutritional deficiency reducing the 
effects of an infection, and therefore legitimately considered as a manipulation 
of susceptibility, I shall choose one. This is the mouse-mouse adapted polio- 
myelitis virus model, and the nutritional entities are several of the essential 
amino acids. Single amino acid deficiencies of eight of these amino acids re- 
sulted in a reduction of the signs of viral disease as evidenced by an increase 
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in the incubation time and a decrease in the number of animals paralyzed 
(Davies et al., 1952). Here, by unambiguous deficiency, susceptibility has 
been lowered. More than that, the experiments clearly show that this effect 
was a host effect, for the virus successfully multiplied in the brains of these 
deficient animals and, indeed, in the instance of tryptophan deficiency, when 
virus levels in the nondeficient controls had declined, the tryptophan-deficient 
tissues still showed high levels of virus. Lack of disease was not for lack of 
virus. I should say that lack of disease was for lack of the host to respond, 
which, as we said at the outset, is susceptibility. 

It is when we come to discuss nutritional effects on operationally defined 
resistance that we come to the second and last implication that I wish to dis- 
cuss here. In the operational definition of resistance, we have demanded that 
the character be enhanced by supplementation and diminished by deficiency, 
1.€., that supplementation improve survivorship and that deficiency reduce sur- 
vivorship. Something that will do this, we have said, is a real resistance factor. 
Now, for some time, we have been investigating just such a factor in the mouse- 
salmonellosis model. It is apparently a new, unrecognized material, and we 
have succeeded in concentrating it over a millionfold from natural sources, 
such as wheat. This, however, is not what I want to emphasize here. In- 
stead, I wish to underline an implication that we stumbled upon when we were 
initially concerned with what I shall call the biological dimensions of this model. 
For, in the early days of this investigation, we found that, in assembling an 
infection model, specifying the host and pathogen species, mouse and Sal- 
monella, was not enough to ensure that one had a model that would respond to 
the nutritional influences we were seeking in the world of natural foodstuffs. 
Intraspecifically, both host and pathogen exhibited wide variation, and their 
genotypic dimensions were finally described, as in FIGURE 1. 

The message of this figure is that, in this model, a nutrition experiment on 
natural resistance is made up of a suitably genetically heterogeneous host and 
a heterogeneous pathogen population. The figure also shows that host genetic 
differences similarly demand a heterogeneous pathogen population in order that 
phenotypic expression of these genetic host differences may be achieved. 

All this tells us something new about intraspecific natural resistance. It is 
simply this: Natural resistance, although an attribute of the host, has its ex- 
pression inextricably linked with what we might call the structure of the patho- 
gen population. 

Intraspecific natural resistance, then, is the successful solution of what is 
probably a metabolic problem precipitated by certain members of the pathogen 
population and solved by the presence and probable action of other members 
of the pathogen population. Natural resistance, though it is an attribute of 
the host, is not to be conceived as a barrier, an antibiotic, or opposed force. 
It should be considered a positive entity, biochemical in nature, which arranges 
for survivorship by assisting certain members of the pathogen population to 
come into adjustment with other members and the host, thereby permitting a 
silent coexistence of pathogen and host in which both survive as representatives 
of their species. 

This notion of natural resistance conceived as a pathogen intrapopulational 


30 Annals New York Academy of Sciences 


The Effect of a Natural (N) and a Syne (5) Diet 
on Survivorship following Infection 
in Nine Different Genetic Circumstances 


Host - Genotype 


Inbred, |Random-bred| Inbred, 
selected, | (outbred) selected, 
resistant |non-selected susceptible 


1) 

fale 

Pan 

re) 

0 

G Mixed 

O | virulent 

| and A 
5 avirulent | 9" Survived | . 
cop) 

fe) 

3 

(e) 

Au 


FicurE 1. From H. A. Schneider, in Biological F ti i i iversi 
New Poe ke yomaas, n Biological Foundations of Health Education, Columbia University Press, 


problem has many interesting consequences. By recognizing the importance 
of the frequency distribution of the numerous variants in the pathogen popula- 
tion, we can understand the general plasticity of such pathogenic agents as 
viruses at the time of their original isolation from nature and can be aware of 
the consequences of laboratory passage through uniform hosts upon the patho- 
gens’ more uniform behavior and increased “suitability” as items for study. 
What would it mean, for example, to use heterogeneous, unselected virus popu- 
lations for a nutritional experiment? And what would be the consequences of 
attempting the same study with virus populations, after many laboratory pas- 
sages, and of “uniform titer”? Similar questions suggest themselves whenever 
we reflect on the population structure of the pathogen used in our experiments, 
be they protozoan, viral, fungal, or bacterial. 

Let us sum up, then. In one model at least, intraspecific natural resistance 
was shown to be influenced by nutrition only when the host was genetically 
heterogeneous and the pathogen population was heterogeneous in the sense 
that it contained an array of variation in terms of capacity to produce disease. 
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When the pathogen population was uniform, host difference, genetic or nutri- 
tional, had no effect. The outcome was decided by the nature of the uniform 
pathogen population. In a word, natural resistance disappeared. From this 
we can construct an operational definition of intraspecific natural resistance. 
The phenomenon has its basis in the host, but the solution for the situation has 
its basis in the intrapopulational problem of the pathogen. Thus the host and 
the pathogen population are inextricably woven into the conceptual fabric we 
know as intraspecific natural resistance. 

In summary, let me remind you of the two things that, I think, genetic and 
nutritional experimentation has illuminated in the phenomenon of susceptibil- 
ity: 
(1) It is theoretically desirable and practically useful to consider susceptibil- 
ity as separate and distinct, as a biological characteristic, from resistance. 

(2) Intraspecific natural resistance to infection is operationally and concep- 
tually a function of the variational structure of the pathogen population. 


References 


Davies, W. L., W. L. Ponn, A. F. Suiru, A. F. RAsMusseEN, Jr., C. A. EtvenjeM & P. F. 
Crark. 1952. The effect of certain amino acid deficiencies on Lansing poliomyelitis 
in mice. J. Bact. 64: 571-582. 

GoweEN, J. W. 1951. Genetics and disease resistance. Jn Genetics in the 20th Century. 
L. C. Dunn, Ed. Macmillan. New York, N. Y. 

Karman, F. J. & D. Reisner. 1943. Twin studies on the significance of genetic factors 
in tuberculosis. Am. Rev. Tuberc. 47: 549-574, 

ScHNEDER, H. A. 1951. Nutrition and resistance-susceptibility to infection. Am. J. 
Trop. Med. 31: 174-182. 

ScHNEIDER, H. A. 1953. Nutrition and resistance to infection. Borden’s Rev. Nutrition 
Research. 14(2): 17-32. 

Wesster, L. T. 1937. Inheritance of resistance of mice to enteric bacterial and neuro- 
tropic virus infection. J. Exptl. Med. 65: 261-286. 

ZINssER, H. 1919. Infection and Resistance. Macmillan. New York, N. Y. 


ACTIVE AND PASSIVE IMMUNITY OF THE INFANT 


By Geoffrey Edsall 


Division of Immunology, Walter Reed Army Institute of Research, Walter Reed Army 
Medical Center, Washington, D. C., and Commission on Immunization, Armed 
Forces Epidemiological Board, Washington, D. C. 


In a complicated field such as the active and passive immunity of the infant 
one cannot readily be encyclopedic. The usual limitations of space are, in this 
case, enhanced by the long span of time covered by pertinent studies of the 
topic at hand. There are excellent sources of background information on the 
subject, such as the studies of Ratner, Jackson, and Gruehl,’ the chapter on 
“Natural Antibodies” in Topley and Wilson’s Principles,? and the excellent, up- 
to-date review sections in a recent monograph by Brambell, Hemmings, and 
Henderson.* In addition, several other papers included in this monograph 
deal with specific aspects of immunity in the newborn. I shall confine myself, 
therefore, largely to the citation of selected findings that illustrate or emphasize 
the turning points in our knowledge or our speculation in this field. 

Awareness of the existence of immunity to infectious disease in the newborn 
no doubt goes back to antiquity. Recognition of this immunity as a scientifically 
observed phenomenon, however, appears to have arisen along with the develop- 
ment of experimental immunization in~the 1870’s. Bollinger may perhaps 
deserve credit for making the first observations of this type, having reported in 
1877 that lambs delivered of recently vaccinated ewes were immune to cowpox. 
This finding was soon confirmed by Burckhardt. Chauveau® demonstrated 
soon afterward that immunity to anthrax could be established in lambs by 
vaccinating the ewes. Ehrlich similarly showed that maternal immunity to 
various toxins could be transmitted to newborn mice.’:* There followed a 
series of observations on the transmission of antibodies to diphtheria in guinea 
pigs’ and in man,!?" and to tetanus in man," even before Theobald Smith’s 
famous report of this finding in guinea pigs.’ Rosenau and Anderson then 
demonstrated that sensitivity to horse serum could be similarly transmitted in 
the guinea pig” simultaneously with passive immunity to diphtheria toxin.“ 

Colostrum and milk. In his original studies’ Ehrlich, in beautifully designed 
experiments, presented evidence that the transmission of passive immunity 
from mother mice to their offspring was mediated in part through the placenta 
and in part via the mother’s milk. Little attention seems to have been paid to 
the question raised by these experiments, until Famulener'® showed that arti- 
ficially induced hemolysins in goats were transmitted to their young through 
the ingestion of colostrum. The clinical importance of this mechanism was 
later strikingly shown by Smith and Little,!® who found that about 75 per cent 
of newborn calves, if deprived of colostrum, would die of Escherichia coli sep- 
ticemia, whereas even a single brief ingestion of colostrum resulted in survival. 
Little and Orcutt,” in a parallel study, found that Brucella abortus agglutinins 
were transmitted from cow to calf via colostrum. Howe'® demonstrated that 
the ingestion of colostrum was rapidly followed by the appearance of euglobulin 
and pseudoglobulin in the calf’s serum—a finding much later confirmed in calves 
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and lambs by ultracentrifugal and electrophoretic studies.!*22. Hansen” later 
found that the absorption of colostrum by the calf—as measured by electro- 
phoretic analysis of the serum—could take place only during the first 24 hours 
after birth. When colostrum was withheld, the various serum protein frac- 
tions rose only slowly, approaching normal at about eight weeks post natum. 
It is of interest that the immune globulin derived from colostrum is electro- 
phoretically distinct from normal serum euglobulin, and that this distinct 
“{mmune lactoglobulin” can be identified as such in the serum of calves fed 
colostrum.” Moreover, it has recently been shown that the protective action of 
bovine colostrum is antigenically specific, and will apparently give good protec- 
tion only against those coliform types for which it carries the corresponding 
anti-K antibodies.** The over-all problem of immunity to “scours” in young 
calves continues to expand in interest and complexity; it has recently been 
broadly reviewed by Lovell.” 

There have been many studies showing the importance of colostrum in the 
establishment of immunity in various ruminants, notably those of Mason e¢ al.2® 
in lambs, calves, bitches, and mares, and in similar studies by other investiga- 
tors (e.g., Barr, Glenny, and Howie"). 

Lemétayer and his associates have examined many of the details of the 
phenomenon of colostrum-transmitted immunity. They have shown that anti- 
bodies transmitted via colostrum appear (in foals) within an hour after the 
first neonatal nursing;?’ that the antibody level in the colostrum (in mares) 
falls rapidly within less than 24 hours after the birth of the foal;?§ and that—in 
general harmony with the findings of Hansen”! and of Mason et al.”*>— the ability 
of the foal to absorb detectable amounts of antibody by this route disappears 
relatively early.2® Lemétayer et al. also demonstrated, in passing, that some 
antibody was transmitted from mare to foal by way of the placenta.?° An 
interesting sidelight on these findings is the recent demonstration* that foals, 
like human infants, can be afflicted with a hemolytic state induced by maternal 
antibodies against fetal erythrocyte antigens. In this instance, the isoantibody 
is apparently transmitted via colostrum, as would be expected.* 

A question has arisen as to whether the large quantities of antibody trans- 
ferred by some animals by the mammary route are made available by direct 
secretion of serum antibodies, or by resynthesis of antibodies by the mammary 
glands. Askonas ef al. using a radioactive tracer technique, have neatly demon- 
strated that, at least in rabbits and goats, the former explanation is correct.” 
Following the course of colostral antibodies further, it has been found (in calves 
and kids) that the antibodies enter the circulation via the intestinal lymph 
tracts and the thoracic duct.** 

The reports by Lewis and Wells** and by Boyd,” in 1922, that ingestion of 
colostrum led to a rise in serum euglobulins in the human newborn infant re- 
sulted in considerable interest in the possible prophylactic importance of hu- 
man colostrum. It has indeed been shown*® * that human colostrum may 
contain antibodies. Their titer is low at best, however, and more frequently 


* It may be appropriate at this point to note that the subject of erythroblastosis—illustrating, as it does, a 
mechanism Boe the transuterine passage of antibodies induces disease in the fetus and the newborn infant— 
might deserve a major place in this review. The subject of erythroblastosis is such a large one, however, and has 
been so thoroughly dealt with elsewhere, that it will not be given further consideration here. 
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they are absent. (The astoundingly high titers of antityphoid antibodies in 
human colostrum reported by Schubert and Griinberg** appear to be an excep- 
tion, but these findings require confirmation.) 

Rémer noted many years ago that antibody levels in the mother and the 
newborn infant were generally comparable in guinea pigs, rabbits, and man, 
implying transplacental passage of antibody. On the other hand, antibodies 
did not appear to reach the cow, sheep, or horse fetus prior to birth.*® The 
classical studies of Kuttner and Ratner“ still stand as the best description of 
the problem. These investigators pointed out that goats, cows, and other 
ruminants, which transmit significant amounts of antibody through colostrum, 
possess complex placentas having multiple layers between maternal and fetal 
circulations; whereas rodents and primates, in which transplacental transmis- 
sion of maternal antibodies appears to be the dominant mechanism, have only 
a single tissue layer between the two circulations. This concept has been con- 
firmed by the extensive experiments summarized by Schneider and Szathmary* 
in hogs, goats, horses, cows, sheep, dogs, rabbits, and guinea pigs. 

Passive immunization of the newborn by ingestion of antibodies in milk has 
continued to receive intermittent attention since Ehrlich’s original studies, 
having been shown to apply in immunity to a protozoal infection” and a viral 
infection.“ Lemétayer et al. found that, in cattle immunized with tetanus 
toxoid, the antitoxin titers of their milk ran from about 99 to % the ti- 
ters in the corresponding sera.*# Witebsky ef al.**: 4° have demonstrated the 
presence of anti-Rh antibodies in human breast milk. The significance of 
Witebsky’s findings is questioned, however, by Bowman,” who attempted un- 
successfully to induce measurable isoagglutinins in infants by feeding them high- 
titer anti-Rh serum in large quantities. 

Placental transmission. As was clearly shown by Kuttner and Ratner,*° 
passive immunity in the newborn human being is mediated almost entirely via 
the placenta. Ten Broeck and Bauer* demonstrated the transmission of tet- 
anus antitoxin from mother to infant through the placenta a number of years 
ago. McKhann and his associates (e.g., McKhann and Chu‘) demonstrated 
the presence of diphtheria antitoxin and other antibodies in placental blood, 
later applying this principle to the control of measles by injecting the antibody- 
containing fraction of placental extracts. Numerous other antibodies have 
been shown to be transmitted from mother to human offspring under conditions 
that exclude any known mechanism except the uterine route. Most of such 
studies are based upon titrations of maternal versus umbilical-cord sera, thus 
ruling out the possibility that the results could have been influenced by in- 
gestion of colostrum. 

Quantitatively, however, the findings show considerable variation. For 
example, Sherman, Hampton, and Cooke® had found that allergic sensitizating 
antibodies or “reagins” were not transmitted, to any detectable degree, via the 
placenta, whereas allergic “blocking” antibodies were transmitted more or less 
to titer. Moreover, Wiener and Silverman found that conventional isoagglu- 
tinins were present in infant’s serum, but only to a titer of about 1¢ to Wg 
that found in the mother." In later studies, * however, they showed that 
blocking-type antibodies were usually to be found in approximately equal titers 
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on either side of the placental barrier. Nevertheless, the much more extensive 
observations of Zuelzer and Kaplan® indicate that the difference in placental 
transfer between the two types of antibody is by no means as clear-cut as sug- 
gested by Wiener’s observations. Many studies have been done on the ratio 
of antitoxic, antibacterial, or antiviral antibodies in maternal and cord sera. 
Among the more recent reports of this nature, Florman, Schick, and Scalettar®® 
found that the maternal/cord ratio of mumps antibodies was 1:1, whereas the 
ratio for streptococcus MG antibodies was greater than 1:1. A variety of 
similar findings, pertinent to numerous different types of antibody, has accumu- 
lated in the literature. Many of these findings, ranging from 1:1 ratios, on the 
one hand, to the passage of little or no antibody into the cord blood on the 
other hand, have been tabulated in a study by Vahlquist e¢ a/.,5° who themselves 
found that the maternal/infant ratio for antistreptolysin and antistaphylolysin 
in mature infants was in the neighborhood of 1:1. The later findings of Adam- 
son et al.*” are in agreement as regards these antitoxins, and add the further 
interesting observation that, in the same infants, EZ. coli H antibodies pass only 
moderately, and O antibodies scarcely at all, from mother to infant. 

On the other hand, Barr and her associates observed, several years ago, that 
cord-blood titers of diphtheria antitoxin were generally up to 50 per cent higher 
than the maternal titer.* This anomalous finding was at first thought to be 
due to some technical accident (cf. Wiener®®). A similar observation, however, 
was recorded by Liebling and Schmitz® several years earlier. Moreover, 
Bryce and Burnet,® over 20 years ago, had observed this in studies on anti- 
staphylolysins. Furthermore, several analogous observations in maternal and 
newborn sera have also been recorded for antistreptolysins®® and for pertussis 
antibodies.** ®§ More recently, Murray ef al.,® working with staphylococcal 
antitoxin, found that cord-blood titers averaged 63 per cent higher than those 
of maternal blood. Kempe and Benenson® found, similarly, that a high 
proportion of the cord-blood titers of vaccinal antihemagglutinins that they 
measured were higher than the corresponding maternal levels. Indeed, Doerr,® 
in a masterly review of the problem of placental permeability, called attention 
some years ago to the possibility that this organ may be capable of concen- 
trating antibodies.* 

Some of the findings just cited resulted from attempts to induce neonatal 
immunity by immunizing the pregnant mother, so as to insure the transmis- 
sion of a protective titer of antibody to the infant. This technique has been 
directed primarily toward prevention of whooping cough,®: °: 7-73 diphthe- 
ria,® 78 and influenza.” The results obtained by this process have been as 
variable as the previously cited observations would suggest. Kendrick eé al.” 
did observe, however, that the higher the maternal titers induced, the nearer 
the neonatal titers approached those of the corresponding mothers. 

Mechanism of transmission. The great variation thus seen in the transmis- 
sion of maternal antibodies to the infant—ranging from apparently none in 
some cases to paradoxically high values at the other end of the spectrum— 
has led to considerable speculation on the mechanism of this transfer. It would 

* These findings of unexplainably high cord-blood antibody titers may be related to the finding made 


by wane investigators®?*.76 that gamma-globulin levels in cord blood are considerably higher than in the 
mother. 
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appear from the findings of Vahlquist e¢ a/.°° on antibody titers in premature 
infants that the transmission of antibodies to the infant was quite variable 
until about the 30th week of gestation, after which the 1:1 titer ratio that 
they found appeared to prevail. In a more extended study, Osborn, Dancis, 
and Rosenberg’® plotted maternal-infant diphtheria antitoxin titers in 56 fetuses 
or premature infants ranging from 50 to 2600 g. in weight. At fetal weight 
of 400 g. the mother had, on the average, as judged from the author’s regres- 
sion line, about 0.7 log more antitoxin than the infant; whereas at 2600 g. 
the maternal level averaged about 0.2 log less than that of the infant. Their 
findings may perhaps be related, at least in part, to the observations of Moore 
and his colleagues’® that the gamma globulin as well as the albumin levels in 
fetal blood start at low levels and rise steadily toward term. It may be as- 
sumed that the placental transfer of antibody globulin from mother to infant 
takes place at a rate faster than the destruction of antibody in the infant cir- 
culation, so that the levels of those antibodies that can be transferred will 
steadily rise toward term. The great discrepancies in degree of transmission, 
however, require a more detailed explanation. Wiener®*: °° has suggested that 
“bivalent” type or “‘complete” antibodies are held back at the placental barrier, 
whereas “‘incomplete” or “‘univalent’” antibodies, being perhaps smaller, can 
cross the barrier. This thesis, insofar as it might apply to isohemagglutinins, 
derives some support from the recent finding that the “complete” type of Rh 
antibody appears to have a higher sedimentation constant than does the “in- 
complete” type of antibody.” The problem, however, is not as simple as this. 
The various quantitative findings cited above do not fit readily into any simple 
hypothesis, and observations directly contradicting Wiener’s theory have been 
made by Hartley,”* who found that unaltered guinea pig antibody was much 
more readily transmitted to the offspring than was antibody that had been 
pepsin-digested and was therefore presumably smaller. 

Some years ago McKhann* pointed out that the then available data sug- 
gested that the antibodies that passed the placental barrier most readily were 
pseudoglobulin in nature, whereas those that passed with difficulty, if at all, 
were in general euglobulins. Subsequently, Witebsky et al. observed that 
“complete” Rh antibodies had the solubility characteristics of “euglobulins,” 
the incomplete antibodies behaving as pseudoglobulins.’? Thus McKhann’s 
suggestion has at least some experimental support, and it deserves re-examina- 
tion in the light of the present knowledge of the nature and interactions of 
antibody molecules. It would still leave unexplained, however, the repeated 
finding that the infant’s antibody level may be higher, as much as 50 per cent 
higher, than that of the mother. 

Aside from Doerr’s supposition cited above,® few contributions toward the 
understanding of this problem have been offered. The studies of Brambell 
and his associates, however, on the mechanism of antibody transmission from 
mother to young in the rabbit offer a completely new possibility. They have 
found*: *° that agglutinins can pass from the maternal circulation into the uter- 
ine lumen, whence they pass through the entodermal membrane of the yolk 
sac into the vitelline circulation. The role of absorption through the stomach 
in the rabbit has apparently been largely excluded by the studies of these in- 
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vestigators, who find definite evidence against the concept of transplacental 
transmission of antibodies in this animal. Regardless of the detailed differences 
that may prevail between species in these respects, the findings of Brambell 
et al. open up the possibility that routes of transmission other than the placental 
route may be of importance in rodents, and possibly also in primates. 

The immunity status of the newborn is thus a complex of many factors, 
among which the availability of maternal antibodies, whether transmitted by 
colostrum, milk, the placental circulation, the yolk sac, or the amniotic fluid, 
is of fundamental importance in establishing the ability of the infant to survive 
the first few weeks of life. Aside from antibodies present at birth, few other 
factors have been studied. Traub*! found a wide scatter of complement levels 
in newborn infants, as compared to the corresponding maternal levels. The 
general level in the infants, however, was no more than 50 to 60 per cent of 
that in the mothers. Dancis and Kunz,” studying the bacteriostatic and com- 
plement activity levels in premature and mature newborn infants, found rela- 
tively high bacteriostatic activity, falling off to a low at between one and four 
months, followed by a subsequent rise. It is not clear whether they were test- 
ing complement or a complex of factors, since the heat lability of their factor 
and the factors that could replace it are not entirely consistent with either 
complement or antibody. It would be interesting to know what the levels of 
properdin activity are in infants. 

Dancis and Kunz noted that the fall and subsequent rise, with the passage of 
time, of bacteriostatic activity observed in their subjects, paralleled the fall 
and rise observed in gamma-globulin levels in infants. The course of the serum 
gamma-globulin level in young infants was clearly defined by Moore ef al.7® 
It has been quantitated by Wiener,® and (for premature infants) by Norton, 
Kunz, and Pratt.24 The initial level at birth is comparable to that of the 
mother® or higher.®°:76 Jn the first three months it may drop to about one 
third of this level, after which it slowly rises again. A comparable fall has 
been found by Barr e¢ al.°8 and by Wiener®® to occur in antibody levels in the 
young infant. Their studies showed that the degradation of maternally trans- 
ferred antibody followed the course of a first-order reaction, with a half-life 
of about 30 days—a value that, by the way, is considerably longer than that 
now generally accepted for adult human beings.*® 

Active immunization. It is perhaps fortunate that the infant’s capacity to 
break down homologous antibody proteins derived from the mother is slow, as 
compared to that of the adult, for it is obvious that the passive immunity pro- 
vided by maternal anitbodies plays a major role in protecting the infant until 
it can develop its own mechanism for antibody formation and thus respond 
successfully to the antigenic stimuli and infectious insults that assail it. This 
response, too, appears to be somewhat less actively developed than it is in the 
adult. Various past studies, notably those of Freund** and Baumgartner*”: * 
have indicated that the capacity to form antibodies is impaired in the young 
rabbit. The evidence, however, for such impairment is by no means consistent. 
The widespread impression that human infants responded poorly to diphtheria 
antigens or, for example, to smallpox vaccination®® has been re-examined in the 
light of the interfering effect of persisting maternal antibodies in the infant. 
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Cooke®? administered combined diphtheria and tetanus toxoids to infants from 
1 to 14 months of age. The response to tetanus toxoid showed no significant 
relation to age, the infants under 3 months doing as well as the older groups. 
With diphtheria toxoid this was not the case for, when the younger infants were 
sorted in accordance with the presence or absence of maternally transmitted 
diphtheria antitoxin, it was found that those without inherited antitoxin re- 
sponded well to the diphtheria antigen, whereas those with 0.03 unit of anti- 
toxin or more responded relatively poorly. Essentially similar findings have 
been made by Barr and her associates,*! * and by Greenberg and Fleming.” 
The latter investigators found, moreover, that the antibody response in infants 
with pre-existing antitoxin was at least one half that of the infants without such 
an interfering factor—a value that greatly modifies the widespread but unsup- 
ported impression that those with pre-existing antibody do not respond. In 
fact, they found that the presence of inherited antibodies did not prevent an 
adequate response to a good antigen, but simply delayed it**—a finding like that 
reported earlier by Vahlquist e¢ a/.°° In this connection, Vahlquist and Nord- 
bring®* and Dancis, Osborn, and Kunz” have measured the antibody response 
of premature infants and have found that it did not materially differ from that 
of full-term infants. 

Numerous other studies on immunization of young infants have contributed 
valuable information and have partly clarified a field previously clouded with 
uncertainty. Over a decade ago Keller, Peterson, and Densen® immunized 
young infants against whooping cough. They obtained immune responses 
only slightly below those of older infants. The recent development of combined 
immunization has intensified the interest in neonatal immunization. Di Sant’ 
Agnese commenced immunization with adsorbed diphtheria-tetanus-pertussis 
antigen one week after birth and followed the response to three doses,*® the 
effect of a booster,®* °° and the comparison of the response with that in infants 
6 to 12 months old.!" He found that the responses to diphtheria and pertussis 
antigens were generally better in older infants, the booster response to the 
pertussis component was better in the older infants, and that (at least for diph- 
theria) the poorer response in younger infants could be ascribed to the inter- 
fering effect of maternal antibodies, as noted by others (see above). ‘The re- 
sponses of the young infants, however, were in general so good that he concluded 
that neonatal immunization was of great practical value. Fundamentally 
similar findings have been made by Petersen et al.,!°? working with infants under 
three months of age, and Osborn et al.! in infants of various ages, the youngest 
of which were two weeks old. As regards another long-noted difficulty in 
neonatal immunization, vaccination against smallpox, Kempe and Benenson® 
find that this, too, is probably due to passive immunization of maternal origin, 
a finding not inconsistent with the frequent complete success of smallpox 
vaccination of newborn infants in actual pediatric practice. 

Conclusions. Various other studies that bear on this question could be cited 
if space permitted. All the studies recorded above, however, seem to add up to 
a few fairly definite conclusions, namely: 

(1) Passive—and hence transient—immunity is transferred from mother to 
young in various animal species by various mechanisms: mainly via colostrum 
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in ruminants, and probably mainly via the placenta in rodents and primates. 
The latter conclusion is subject to possible revision in the light of such findings 
as those of Brambell et al.» 8° 

(2) The degree of transfer of passive immunity varies tremendously from 
one antibody to another. This variation is in all probability related to the 
molecular characteristics of the various kinds of antibodies present in the ma- 
ternal circulation. 

(3) Consequently, the newborn infant will acquire protection of varying 
degree against certain infections in which serological factors play a significant 
role in resistance. On the other hand, there will be some infectious processes, 
such as whooping cough, against which maternally transfered antibodies, even 
though frequently present, are generally insufficient in titer to furnish effective 
protection. For certain of the infectious hazards of the newborn, added pro- 
tection during the neonatal period may be accomplished by immunizing the 
mother before or during pregnancy. 

(4) The antibodies available to the newborn infant by one or another of the 
mechanisms above mentioned are catabolized and disappear during early in- 
fancy, leaving the infant more or less wholly susceptible to the infectious proc- 
esses native to its age and species. Subsequent survival must depend largely 
upon the acquisition of active immunity, either by surmounting natural in- 
fections or by artificial immunization. Active immunization is to some extent 
interfered with by the presence of passive immunity, but this interference can 
generally be overcome by the administration of sufficient antigen. 

(5) Over and above the known factors in neonatal immunity, summarized 
above, there is a host of unknown factors. Some of these are: the generally 
assumed hypoplasia of the reticuloendothelial system in very young infants 
(for which there appears to be little histological support); the obvious lag in the 
developmental production of gamma globulins in young infants; the varying 
concentrations and activities of passively or actively acquired complement 
components, properdin, eéc.; the vague and intangible but nevertheless recog- 
nizable phenomenon sometimes described as “‘tissue immunity of the young’! 
or the natural resistance of the young, which has recently been re-examined in 
a lecture by Lovell.!° Then there is the even more intangible but not yet 
entirely discarded concept of “‘natural antibodies” acquired as part of the mat- 
uration process. Some of these factors may be significant, other may prove 
to be merely figments of our fertile imaginations, and still others, of which we 
yet know nothing, will arise, perhaps to supersede much of our present system 
of thinking in this field. At all events, the field has not yet been plowed 
deeply, despite 75 years of activity. It remains for us and our students to 
pursue more thoroughly the basic facts that characterize this special branch of 
immunology. Like most of immunology, the surface may sometimes appear 
deceptively simple, but the basic understanding of the phenomena is yet to be 
gained. More power to those who recognize and exploit this opportunity! 
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SALMONELLA AND SALMONELLOSIS 


By Philip R. Edwards 


Communicable Disease Center, Public Health Service, United States Department of 
Health, Education, and Welfare, Atlanta, Ga. 


The study of Salmonella and salmonellosis has a long and varied history. 
During the nineteenth century the relationships of Salmonella to animal dis- 
eases, to enteric fever of man, and to mass outbreaks of food poisoning were 
recognized. At this early period it became evident that certain types were 
associated rather constantly with enteric fever of man while other types were 
associated closely with specific diseases of certain animals. The isolation of 
closely related types from a variety of morbid conditions in man and from many 
species of animals, however, produced a degree of confusion seldom equalled in 
the annals of bacteriology. Shortly after the turn of the century, workers in 
Britain, particularly Boycott,! and Bainbridge and O’Brien,” applied agglutinin 
absorption tests to the differentiation of types, while the investigators at Kiel, 
Germany, led by Bernhard Fischer, Reiner Miiller, and L. Bitter, applied cul- 
tural and biochemical tests in the study of the bacteria. The latter work was 
summarized by Pesch,’ who pointed out the opposition aroused by Uhlenhuth* 
and others. Gradually there emerged an acceptance of the fact that S. paratyphi 
B was a human pathogen passed from man to man and that, in man, it produced 
enteric fever, while S. typhimurium, the Breslau bacillus, produced a variety 
of diseases in animals, and in man was responsible for mass outbreaks of food 
infection characterized by acute gastroenteritis. This dictum was widely 
known as the “Kiel doctrine.” 

It was not until Bruce White® © and Kauffmann’: ®: ° established the present 
method of classification that the antigenic characteristics of the Salmonella 
group and its great diversity of serotypes and biotypes became known. These 
advances made possible the exact characterization of Salmonella types and the 
numerous subsequent studies on the ecology and epidemiology of the group. 
It soon became apparent that within the group there existed types that were 
rather strictly host-adapted either to man or to certain species of the lower 
animals and that, with notable exceptions, the occurrence of these forms was 
restricted to their specific hosts. Further, there existed a much larger number 
of types, now approaching 400 in number, that exhibited no host specificity, 
and that, upon occasion, might produce disease in any warm-blooded animal. 
It is with the latter group of cultures that the present paper largely is concerned. 

Improved methods of isolation and characterization stimulated the study of 
Salmonella infections. It soon became evident that the organisms were widely 
distributed throughout the animal kingdom and that the same serotypes oc- 
curred both in infections of man and of animals.!°" It further was noted that 
in the great majority of instances the bacteria were found in sporadic infections 
and not in widespread outbreaks involving large numbers of persons. The 
sporadic character of the infections was emphasized by Smith,” Hormaeche 
et al.,"* Neter'* and, more recently, by Eisenberg and his associates.1° The 
sporadic nature of the cases, the frequency with which children were attacked, 
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and the diversity of symptoms in young children prompted Hormaeche to 
propound the “Montevideo doctrine,” as opposed to the ‘‘Kiel doctrine,” which 
largely took into account only well-defined outbreaks of food infection. 

In a consideration of the epidemiology of the infections due to nonhost- 
adapted types of Salmonella, two main sources of infection must be considered: 
reservoirs of infection among lower animals and human carriers of the bacteria. 
Our own experience in the examination of more than 30,000 Salmonella cultures 
has impressed upon us the frequency with which these organisms occur in ani- 
mals and in asymptomatic persons, and the diversity of types found in both. 
The impressions regarding lower animals are confirmed amply by the volumi- 
nous literature dealing with salmonellosis of domestic and wild mammals and 
fowls. Although other animals harbor, and occasionally transmit the infec- 
tions, principal emphasis must be placed on those animals used widely as food. 

Ruminants. In most parts of the world S. dublin, a close relative of S. 
enteritidis, occurs commonly in cattle. Other types, particularly S. typhi- 
murium, also are found in these animals. The prevalence of Salmonella infec- 
tions and of carriers of Salmonella in cattle was emphasized by Bartel,!® Hen- 
ning,” Field,* and many others. It is known that many healthy cattle are 
either temporary or permanent carriers of the bacteria, that large numbers of 
the bacteria are excreted in the feces and that, occasionally, mastitis occurs in 
infected cows. The role of the infected cow in milk-borne epidemics of sal- 
monellosis was reviewed by Savage,!® by Henning,?® and by McCall.” While 
the majority of such outbreaks have been caused by S. dublin, Norton and Arm- 
strong’ point out that S. typhimurium also may be involved. Objection may 
be raised that the outbreaks described were caused by the consumption of raw 
milk and that proper pasteurization would have prevented them. It must be 
remembered that throughout the world a large proportion of milk consumed 
still is not pasteurized. Further, the mere passage of milk through a pasteuriz- 
ing machine does not automatically ensure its safety. One of the most ex- 
tensive outbreaks of S. typhimurium infection that has occurred in this country 
in recent years was that described by Tucker e¢ al.,* in which the vehicle was 
cheese prepared from “pasteurized” milk. In passing, it may be mentioned 
that cows, as well as chickens, sheep, and swine, sometimes become infected 
with the “human” type of S. paratyphi B® *4 and occasionally are responsible 
for milk-borne outbreaks of paratyphoid B fever.?° The role of beef in the 
epidemiology of food infections has been recognized since the days of Gartner”® 
and of Basenau.” The part played by beef in the production of salmonellosis 
recently was reviewed by Clarenburg."* The recent widespread epidemics in 
Sweden also should be mentioned. As regards other ruminants, it is known 
that sheep frequently are infected with S. typhimurium and a variety of other 
Salmonella types. *9, 30 

Swine. Swine long have been notorious as carriers of Salmonella but it was 
not until Hormaeche and Salsamendi*!: * systematically examined the lymph 
glands of apparently normal hogs that the number and variety of the organisms 
in these animals were fully realized. This work was amply confirmed by many 
workers, including Rubin® and Galton ef al.** The latter workers noted that 
isolations from swine in abattoirs were much more frequent than from animals 
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on the farm, and mentioned the importance of the sales yard, the holding lot, 
and the abattoir in the spread of the organisms. Numerous instances of the 
transmission of salmonellosis by pork products are to be found in the literature. 
One of the most unequivocal of these is the report of Hauser e/ al.*° on infection 
by S. berta following consumption of contaminated smoked sausage. That such 
infections do not occur more frequently is surprising since Galton, Lowery, and 
Hardy** isolated Salmonella from 23 per cent of the samples of fresh sausage 
and 12.5 per cent of the samples of smoked sausage examined. 

Fowls. Considering the extremely large population of domestic fowl, birds 
probably constitute the largest single reservoir of Salmonella among ani- 
mals.!°: 87,88 Tt is evident from the results of Gibbons and Moore,*® of Solowey 
and her associates,*” *! and of the investigators of the Medical Research Coun- 
cil, London, England,” that the bacteria frequently gain entrance to eggs and 
egg products. The role of duck eggs in the production of human salmonellosis 
has been reviewed by Clarenburg* and by Lerche.*4 Duck eggs have been one 
of the important sources of Salmonella infection in Holland and in the West 
German Federal Republic for many years. Recently, episodes of this sort were 
reported in England.*® Chicken eggs also have been incriminated, by Watt*® 
and others, in the transmission of Salmonella to man. Salmonella may gain 
entrance to eggs either as a result of ovarian infection or by penetration of the 
egg shell. Their frequent occurrence in. processed eggs was attributed largely 
to egg-shell contamination in the investigation by Solowey ef al.,” who em- 
phasized the desirability of using only clean eggs in processing plants. It has 
been shown by Solowey and Calesnick** and by the British workers® that 
Salmonella in reconstituted eggs may survive cooking procedures. It is well 
known that many egg products used in bakeries are subjected to only slight 
heating. It becomes evident, therefore, that ample opportunities arise for the 
transmission of Salmonella through the medium of eggs and egg products. 

Eggs are not solely responsible for the transmission of avian salmonellosis 
toman. Atleast two other modesofspreadare involved. Transmission through 
the handling of diseased fowl has been reported repeatedly.! *: °° Further, 
carcasses and edible viscera of birds entering commercial channels have yielded 
a variety of Salmonella types.*! *® These contaminated carcasses often give 
rise to infection in man. Such occurrences were summarized by Browne® and 
by Hinshaw and McNeil.** Not only may poultry and poultry products them- 
selves serve as sources of salmonellosis in man, but fowls may infect other foods 
as well. Bidwell and Kelly® recorded the contamination of oysters with S. 
typhimurium by drainage from contaminated duck farms. 

Other animals. Rodents were long believed to carry only S. typhimurium 
and S. enteritidis. While this is still true of laboratory rodents, wild rats now 
are known to harbor a variety of serotypes.** §7 In the experience of Ludlam,® 
rodents are prone to carry those types of Salmonella that are present in their 
environment. No longer is it reasonable to suspect rodents, particularly, in 
S. enteritidis infections of man, since rats and mice are just as likely to transmit 
any of the serotypes occurring commonly in man and other animals. 

Dogs have been incriminated a number of times in the transmission of Sal- 
monella to man.** ®. 6 Galton, Scatterday, and Hardy® found Salmonella 
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in 27.6 per cent of all dogs examined and in 15 per cent of apparently normal 
household dogs. This incidence is probably attributable in large part to the 
presence of the organisms in the food of the animals, since Galton, Harless, and 
Hardy® found Salmonella in 26.5 per cent of the samples of commerical dog 
meal examined, and Griffin®! noted Salmonella in a lesser number. In this 
connection, it is of interest to note that Griffin also isolated Salmonella from 
feed supplied to mouse breeders and from feed designed for guinea pigs. The 
difficulties of maintaining rodent colonies free of the infections quickly become 
apparent. 

Insects of various sorts, particularly flies, have long been suspected of being 
agents of transmission of Salmonella. The organisms have been found in flies 
on a number of occasions.!*; ®: °° From the results obtained by Watt and 
Lindsay® in fly-control studies it would seem that flies are of less importance 
in the transmission of Salmonella than of Shigella. Cold-blooded animals 
such as snakes and tortoises® have been found to harbor Salmonella. It has 
been suspected that the former transmitted the organisms to fowls. Finally, 
to illustrate the ubiquity of Salmonella, one might cite the observation of 
Nakaya,® who described an extensive outbreak of salmonellosis among villagers 
who captured an infected whale and consumed the meat, which contained 
S. enteritidis. 

Man. From the foregoing summary it is evident that numerous Salmonella 
types are widely distributed throughout the animal kingdom. From the afore- 
mentioned reports of Salmonella in eggs, egg powder, and sausage, and from 
the publications of Cherry e¢ al.’?° and of Felsenfeld e¢ al.,” it is evident that 
Salmonella find their way into commercial meats, particularly pork and poultry 
products. It must not be assumed, however, that animal reservoirs of infec- 
tion are solely responsible for endemic salmonellosis of man. First, not all 
contamination of meat products can be attributed to the presence of the bac- 
teria in animals. The work of Floyd e¢ al.,” in which Shigella, Salmonella typhi, 
and S. paratyphi A were found repeatedly in meats, forcibly illustrates con- 
tamination of human origin of meat products in an area of poor sanitation and 
high endemicity. Further, Clarenburg’® emphasizes the necessity of differen- 
tiating between intravital and post-mortem contamination, and points out 
that processed meat is much more often responsible for food infection than 
fresh meat. 

For many years the frequency with which the nonhost-adapted Salmonella 
occurred in asymptomatic persons was not realized, and it was thought that 
the organisms disappeared rapidly from the intestine of convalescent cases. 
It now is known that these types are present in many persons without apparent 
enteric infection,!® "7 and that the organisms may persist in such persons and 
in convalescents for long periods.” 75 Many transient asymptomatic carriers 
also occur in the population, as demonstrated by Galton and Hardy.’* Car- 
riers among young children have been found frequently by Watt and Lindsay” 
and by Mackerras and Pask.” Galton and Quan™ noted the prevalence of 
Salmonella among food handlers. It seems probable that the frequent occur- 
rence of Salmonella in market meats contributes to the carrier state in food 
handlers. The carrier state probably could be called an occupational hazard 
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of food handlers. The importance of the asymptomatic carrier in the trans- 
mission of salmonellosis was emphasized by Felsenfeld and Young,”® who re- 
ported that 26 of 56 outbreaks, the sources of which were established, were 
caused by human carriers. Outbreaks due to S. typhi, S. paratyphi A, and 
S. paratyphi B are excluded from these figures. Convalescent carriers often 
have been incriminated in the transmission of the infections. One such out- 
break was described by Rubenstein and MacCready,*®° who emphasized the 
large number of symptomless excretors among persons who ate the contami- 
nated food. The constant presence of Salmonella in sewage and in irrigation 
waters*! * also attests the frequent occurrence of the organisms in man. 

Thus it is evident that both animal reservoirs of infection and human cases, 
convalescents and carriers, are concerned in the epidemiology of salmonellosis, 
and each should be given due consideration in any program of prevention. It is 
obvious also that salmonellosis in infants is a reflection of the occurrence of 
the bacteria in man, animals, and the environment. Inasmuch as the young 
of all species are particularly susceptible to salmonellosis, infections in infants 
present a special problem. 

The presence of the organisms in nurseries has been especially troublesome. 
Introduction of infections into nurseries by babies born of mothers who were 
preclinical cases, convalescents, or carriers has been noted by Watt and Carl- 
ton,** Abramson," Seligmann,*® Neter,’* and by Epstein e¢ al.’ Unpublished 
episodes of this sort repeatedly have been brought to our attention. It seems 
highly probable that this method of transmission is not infrequent. Obviously 
any mother who exhibits the slightest symptoms of enteric infection or who 
has recently recovered from such an infection, as well as the babies of such 
mothers, should be subjected to strict isolation until such time as it is deter- 
mined that they are not affected with a transmissible disease. Carriers among 
the food handlers of hospital staffs have been noted by Neva, Nelson, and Fin- 
land,* and these constitute an additional hazard in the nursery. If food 
handlers in general are to be subjected to systematic fecal examinations, surely 
it is not too much to ask that food handlers in hospitals be subjected to special 
scrutiny, since the population endangered, being composed in large part of the 
very young and the infirm, is especially susceptible to enteric infections. This 
requirement should apply also to other staff members in contact with infants. 
Staff members and food handlers affected with any symptoms of enteric infec- 
tion should be relieved of duty until it is determined whether or not they have 
a communicable disease. Similar recommendations were made by Felsen, 
Weil, and Wolarsky,’* who further advocated fecal examination of all par- 
turients. 

Infants transferred into obstetrical nurseries from other hospitals have been 
found by Watt*® to introduce salmonellosis. Likewise, Wright ef al. and 
Rogers and Koegler® noted the introduction of enteric infections into pediatric 
wards by newly admitted infants. It seems advisable to isolate all new ad- 
missions to such wards until it has been determined that they are not excreting 
known pathogenic enteric bacteria. Within a given metropolitan area there 
should exist an interhospital intelligence service, to report not only on enteric 
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infections but on other communicable diseases as well. Such a service could be 
of great value in preventing the introduction of infections into nurseries. 

Questionable practices occasionally have given rise to epidemics. In one 
instance two babies affected with diarrhea and later found to be infected with 
Salmonella were promptly removed from an obstetrical nursery and the nursery 
closed to new admissions. No further cases developed. The infected in- 
fants, however, were placed in isolation in a room adjacent to rooms housing 
premature babies. Seven cases developed among the latter, and three fatalities 
were recorded. Ina second hospital, located in the arid Southwest, a series of 
unrelated cases of obscure origin occurred in succession. Investigation by the 
State Department of Health revealed that the lawn of the hospital had been 
fertilized with dried activated sludge, and from it were isolated the same 
Salmonella types that were found in the patients. In either of these instances, 
more thoughtful management would have prevented infections. 

Accidental contamination of objects in delivery rooms and nurseries occasion- 
ally gives rise to outbreaks. Rubenstein and Fowler noted the transmission 
of salmonellosis by infected resuscitators in the delivery rooms of two hospitals. 
Epstein e¢ al.*’ reported the transmission of salmonellosis through the agency 
of a water bath used to warm formula bottles. The water bath was found to 
have been infected by an electrician who repaired the thermostat and who was 
an asymptomatic carrier. Such incidents serve to illustrate the manifold 
paths by which enteric pathogens may gain entrance to nurseries, and emphasize 
the need for frequent sterilization of all equipment. It immediately becomes 
apparent that in the investigation of enteric infections in nurseries every 
person and object with which the infants come into direct or indirect contact 
must be regarded with suspicion. 

Recent observations on the spread of Salmonella infections in infants through 
such products as contaminated dried egg yolk,®® soya milk, and dried yeast 
indicate that bacteriological control has not kept pace with the rapid develop- 
ment of food technology. Application of adequate safeguards to newly de- 
veloped food products is a joint responsibility of the manufacturer and of 
governmental agencies. 

Both Grant®* and Hinshaw and McNeil® have published excellent reviews 
dealing with the epidemiology and prevention of salmonellosis. They are 
agreed that effective control can result only through cooperation of govern- 
mental agencies dealing with health, agriculture, and food. The responsibilities 
of the practicing veterinarian and the physician and the necessity of reporting 
both animal and human infections are pointed out. The examination and 
control of food handlers are emphasized. Some progress has been made in the 
elimination of the infections in cattle!® ?° and in fowls,” * °° but it must be 
said that these efforts at control have been dictated more by economic considera- 
tions than by regard for public health. It would seem reasonable to assume, 
however, that there will be a gradual improvement in the situation among 
domestic animals through improved animal husbandry. Improvement in the 
control of animal food products and other foods will probably also take place. 
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Such changes should be reflected in a lowered carrier rate in man and a gradual 
decrease in human Salmonella infections. 
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AN EPIDEMIC OF SALMONELLA PANAMA 
INFECTIONS IN INFANTS 


By Frederick S. Leeder 


Division of Disease Control, Records and Statistics, Michigan Department 
of Health, Lansing, Mich. 


The first isolation of Salmonella panama was by E. O. Jordan,} in 1934, in 
the course of an investigation of a food-borne infection among soldiers stationed 
in Panama. Subsequently, F. Kauffmann? identified the organism as a not 
previously described Salmonella and named it S. panama. 

The first reference to S. panama as a cause of severe diarrhea, particularly 
of the very young, was by Schiff,’ in 1938, in his description of this organism 
as a cause of diarrhea among infants in New York City. 

In 1940, Katsampes and Bradford‘ reported the first case of Salmonella 
meningitis attributable to S. panama in a month-old infant. 

The relatively infrequent mention of S. panama in medical literature as com- 
pared to other types, such as S. typhimurium and S. paratyphi B, prompts this 
report, which deals with the recovery of S. panama from 138 individuals during 
an investigation of an outbreak of diarrhea involving the nursery for the new- 
born in a hospital in a moderate-sized city in Michigan during 1943 and 1944. 

The occurrence of three deaths from meningitis among newborn infants in 
the space of a week in a Michigan hospital during March, 1944, prompted the 
hospital administrator to request assistance from the Michigan Department of 
Health. 

A review of the case reports and careful questioning of the obstetrical staff 
indicated that the nursery in question had been plagued with recurrent diarrhea 
for several months prior to the three deaths in question. Fortunately, the 
hospital had a competent pathologist on its staff, and autopsies prior to em- 
balming had been secured on the three cases that terminated fatally on March 
3, March 8, and March 9 respectively. Specimens of blood, spinal fluid, 
meninges, lung tissue, and feces had been obtained from each of the three au- 
topsies and S. panama was recovered from all specimens by the Salmonella 
typing station of the Michigan Department of Health. All identifications 
were later verified by Edwards.® 

A reappraisal of the hospital records for several months prior to this time 
indicated that between July 1943 and March 1944 at least four other infants 
had died in the same hospital with clinical and autopsy pictures that were 
compatible with the three deaths proved to be due to S. panama meningitis. 
The laboratory data on these four deaths indicated that a gram-negative 
bacillus had been isolated from each case, both from spinal fluid and from blood, 
but the organism had been considered, unfortunately, a contaminant; namely, 
Escherichia coli. 

The hospital records also revealed that two other cases of Salmonella men- 
ingitis, that had been diagnosed in another hospital in the same city late in 
February 1944, had been born in the hospital under investigation on January 
24 and January 28, 1944, respectively. Similarly, an investigation of the death 
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of an infant from S. panama meningitis reported from a hospital in another 
city revealed that the deceased infant had been born June 4, 1943, in the hos- 
pital under investigation. Before the investigation was complete, 18 deaths 
were shown to be due to S. panama meningitis. All were infants under seven 
months of age except one white female who was 29 years of age and who died 
18 days after undergoing elective surgery in the hospital in which the S. panama 
outbreak was occurring in the nursery. Thirteen of the group were less than 
21 days of age. 

The significance of these findings and the control measures instituted will be 
discussed later in this paper. 


Clinical Data 


The clinical picture common to this series of 18 was remarkably consistent: 
diarrhea, with greenish to greenish-yellow stools; vomiting; temperature in the 
range of 100° to 105° F.; convulsions; twitching of the muscles of the extremities; 
opisthotonos and/or generalized rigidity. All were listless or stuporous. 

Four of the cases exhibited a rash similar to that observed in typhoid fever. 
Unfortunately, no attempt was made to recover S. panama organisms from the 
petechialike rash, but it is reasonable to assume that it was secondary to S. 
panama bacteremia. 

Case 9 (R.W.) is representative of this series. R.W., a female child, was born 
February 20, 1944. She was released on the fourth day post partum, apparently 
normal, but was returned to the pediatric section of the hospital on the 13th 
day. The clinical picture was diarrhea and constipation alternately, listless- 
ness, projectile vomiting, occasional convulsions, and a temperature that 
ranged from 103° and 105° F. Hiccups were also pronounced. The spinal 
fluid was under normal pressure, but cloudy, and contained 900 cells per cu. 
mm. .S. panama was recovered from the spinal fluid. Death occurred March 
8, 1944, the 18th day after birth. 


Autopsy Findings 


The anterior fontanel was bulging. On opening the cranial cavity and re- 
moving the dura mater, the cortex was not visible through the thick greenish- 
gray fibrino-purulent exudate that filled the subarachnoid space. The outer 
surface of the arachnoid membrane retained its glistening appearance. At 
the base of the brain, the exudate was so thick that it obscured the superficial 
brain structures. When the brain was sectioned, all sulci were filled with 
exudate, and the gyri of the cortex were swollen. The thoracic viscera were 
not remarkable. The intestinal tract was empty. The walls of the jejunum 
and the ileum had a milky appearance, with the Peyer’s patches projecting 
prominently above the mucosa. The mesenteric lymph nodes were markedly 
hyperplastic. Specimens of blood, spinal fluid, lungs, liver, and contents of 
the colon were all positive for S. panama. 


Control Measures 


The fact that S. panama had already been identified in three cases of meningi- 
tis from babies who had been born in the hospital under investigation pointed 


56 Annals New York Academy of Sciences 


strongly to the fact that we were dealing with an outbreak of S. panama men- 
ingitis of the newborn, associated with an outbreak of diarrhea due to the same 
organism. Working on this assumption until laboratory data could be ob- 
tained on the current cases, the same control measures were instituted as one 
would use for S. typhi. The whole obstetrical unit was placed under isolation, 
and stool specimens were ordered on all hospital personnel; namely, physicians, 
registered nurses, student nurses, nurses’ aides, kitchen and diet kitchen em- 
ployees, other employees such as floor maids, and all new admissions to the hos- 
ital. 
: Altogether, 24 individuals were found to have stools positive for S. panama. 
Of the 24 cases, 15 had close association with the obstetrical and nursery unit: 
1 graduate nurse; 1 nurse’s aide; 1 floor maid; 2 early cases of meningitis still 
in the nursery; 8 apparently well newborn babies, also still in the nursery; and 
2 mothers of 2 of these apparently well babies. The other 9 positive individuals 
were: 1 adult male kitchen employee, 4 babies on the pediatrics service, and 4 
babies who were on the outpatient service. The S. panama-positive individuals 
working in the hospital were relieved of their duties immediately and new 
personnel assigned only after they were proved to be negative for S. panama. 
A new admittance and obstetrical unit was established in another wing of 
the hospital, staffed with new, highly trained personnel from the Diarrhea and 
Enteritis Study Group of the Bureau of Laboratories of the Michigan Depart- 
ment of Health, a cooperative program of the Michigan Department of Health 
and the W. K. Kellogg Foundation, Battle Creek, Michigan, for the study of 
diarrhea of the newborn. It is worthy of comment that this new unit remained 
uncontaminated throughout the long and trying experience of ridding the hos- 
pital and the community of S. panama. Some of the safeguards that contrib- 
uted were: high-level supervision, bacteriologic screening of staff and new ad- 
missions, limitation of visitors, and terminal autoclaving of already capped and 
hooded formula bottles. 


Epidemiologic Investigation 


The discovery of 24 apparently well persons within the hospital, all positive 
for S. panama, suggested that the organism had been present in the nursery for 
a considerable length of time and suggested that the occurrence of fulminating 
S. panama meningitis was probably due to overwhelming infective doses. In 
an attempt to determine how long S. panama had been present in the nursery, 
the fatality from S. panama meningitis reported from the hospital in another 
city was used as a point of reference and an attempt was made to obtain stool 
specimens on all children who had been born in the hospital in question as far 
back as June 1, 1943. Letters were sent to the parents of these children, ask- 
ing them to send in stool specimens from these children for laboratory examina- 
tion. As could be expected, a varying number of specimens was received and 
TABLE 1 shows the number of births by months, the number of specimens re- 
ceived, and the percent of those received that contained S. panama. 

Ten specimens were received from the 78 June births, none of which was 
positive. Fifteen specimens were received from the 88 July births, 2 of which 
were positive, or 13 per cent. Thirteen specimens were received from the 96 
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TABLE 1 


FECAL SPECIMENS RECEIVED AND PER CENT PosITIVE FOR S. PANAMA 
BY MOontTH OF BIRTH 


Births Specimens Positive Positive % 

1943 

[UNG Prete Messe ales 78 10 0 0 
UME s ooba ane. sae semee 88 15 2 13 
AUUSt Sia ae ae he see, + 96 13 io 23 
peptemibernaancee rn: 111 15 4 27 
October sy ae cee: 92 12 5 42 
INovemiberannere sont. 143. 75 7 3 43 
Decemberse sees. ss us 91 15 6 40 
1944 

NJAMUAT Yee cpap ae cies 53 ts 93 14 8 57 


August births, 3 of which were positive, or 23 per cent. Fifteen specimens 
were received from the 111 September births, of which 4 were positive, or 27 
per cent. Twelve specimens were received from the 92 October births, of which 
5 were positive, or 42 per cent. Seven specimens were received from the 75 
November births, of which 3 were positive, or 43 per cent. Fifteen specimens 
were received from the 91 December births, of which 6 were positive, or 40 
per cent. Fourteen specimens were received from the 93 January births, of 
which 8 were positive, or 57 per cent, 

It became obvious that S. panama had been present in this hospital as far 
back as June 1943. From March 10, 1944, when the investigation was ini- 
tiated, to April 15, 1944, S. panama was recovered from the stools of 20 infants 
and 1 adult female hospitalized for elective surgery. Of these 21, 7 of the in- 
fants and the adult female died from S. panama meningitis. There were no 
new positive stools subsequent to April 15, 1944, as far as the hospital was 
concerned. Stool specimens obtained from other members of households into 
which a Salmonella-positive infant had been introduced showed, however, that 
the infection spread readily to other members of the household, particularly 
among young brothers or sisters. In all, 72 individuals among other members 
of the household had Salmonella-positive stools. ‘TABLE 2 shows the frequency 
with which positive isolations of S. panama were found among the other mem- 
bers of a household by size of the household. 

In all, S. panama was isolated from 138 individuals, many of whom were 
apparently well at the time of our investigation. The 138 individuals with 
positive stools were distributed as follows: 20 newborn infants in the hospital; 
1 adult hospitalized female; 1 staff graduate nurse; 1 staff nurse’s aide; 1 staff 
floor maid; 2 hospitalized mothers of newborn infants; 1 adult staff male kitchen 
employee; 4 babies on the pediatrics service; 4 babies on the outpatient service; 
the 31 babies who had been born in the hospital and discharged as apparently 
well prior to March 10, 1944; and the 72 individuals among other members of 
the families into which an S. panama-positive infant had been introduced. 

Because this study was undertaken in March 1944, and positive specimens 
were obtained from babies studied in all months from July 1943 through Jan- 
uary 1944, an opportunity was afforded to study the length of time infants 
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TABLE 2 


FREQUENCY OF PosttIvE IsotaTions oF S, PANAMA IN OTHER HOUSEHOLD 
MEMBERS BY SIZE OF HOUSEHOLDS 


No. of families No. of members in family No. becoming S. panama + 


1 
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ROOD OMIDADAMNEUNAP PUD 
OPER RP BPNNWWRPNR RR 


_ 


might continue to remain positive for S. panama. It seems reasonable to 
hypothesize that the 31 babies who were found positive for S. panama in our 
survey of infants who had been born in the study hospital prior to March 10, 
1944, were positive at the time of discharge. While this hypothesis seems rea- 
sonable, however, it is of course not based on laboratory-proved data. For 
this reason, TABLE 3 shows the number of infants remaining positive for S. 
panama by number of months, based both on the interval between first and 
last laboratory-proved positive specimens and on the interval between dis- 
charge from the hospital and the last laboratory-proved positive specimen. 


TABLE 3 


FECAL SPECIMENS REMAINING POSITIVE FOR S. PANAMA 
BY NUMBER OF MONTHS 


Based on interval between 
Number of months 
First and last positive Discharge from hospital and 
specimen last positive specimen 
1 14 1 
4 13 0 
3 ale 2 
4 5 1 
5 6 6 
6 2 10 
7 1 6 
8 0 5 
9 1 7 
10 0 6 
11 0 il 
12 3 9 
15 1 1 
16 0 1 
19 0 1 
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From this table, which involves 57 infants, it is obvious that very young 
infants are likely to have positive stools for a considerable period of time 
following clinical recovery from an S. panama infection. The date of the last 
positive isolation in this series was August 29, 1945, at which time S. panama 
disappeared from the community and has not reappeared in this particular 
community and has been isolated only infrequently elsewhere in Michigan. 


Discussion 


One might well wonder how S. panama infection could smolder in a com- 
munity and in the maternity wing of a hospital from at least June 1943 to 
March 1944, a period of over eight months, without coming to the attention of 
the local or state health departments. 

Special factors involved were: the outbreak occurred during the war years 
when communities were disrupted; the hospital administrator, who later re- 
signed, was fearful of adverse publicity; mothers and infants were, for the most 
part, discharged on the third or fourth day post partum. 

This last factor was probably the most significant one, since the incubation 
period of S. panama diarrhea from an average infective dose is 7 to 10 days, 
so that the infants were discharged as apparently well, only to develop diarrhea 
at home. Most of the diarrhea that did develop was not particularly severe 
and, for the most part, did not require hospitalization. Further, the three 
cases of S. panama meningitis that did develop at home were all hospitalized 
in hospitals other than the one in which they had been born and that was 
experiencing the outbreak of diarrhea. 

It is, of course, impossible to determine arbitrarily just what the sequence 
of events was. The most probable explanation would be that a mother with 
an asymptomatic S. panama infection was admitted to the maternity wing and 
infected her newborn infant, who in turn infected hospital personnel; or the 
mother could have infected hospital personnel directly; or a new employee 
might have introduced the organism. 

In any event, S. panama became established in the obstetrical unit and the 
stage was set for the tragedy of 18 deaths from S. panama meningitis. 

Factors contributing to the spread of this enteric organism were: the nursery 
was overcrowded to the extent of twice its normal load; there was a decided 
shortage of trained nurses; there was excessive use of untrained personnel; and 
there were only enough trained supervisors to cover the daytime shift. All 
these factors, coupled with a hospital policy that prevented the obstetrical per- 
sonnel from removing a sick infant from the nursery for newborn infants un- 
til the baby had been seen by the attending physician, resulted in a very heavy 
seeding of the organism among the other infants, hospital personnel, and others. 

The dramatic concentration of cases and deaths in March 1944 was probably 
due to overwhelming infective doses of S. panama, with an attendant shorten- 
ing of the incubation period. Certainly the deaths in March of two 5-day-old 
infants from S. panama meningitis would suggest this. 
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ENTEROPATHOGENIC ESCHERICHIA COLI SEROTYPES 
By W. H. Ewing 


Communicable Disease Center, Public Health Service, Department of 
Health, Education, and Welfare, Atlanta, Ga. 


Investigations in the past have made it clear that diarrheal diseases of infants 
may be caused by a variety of microorganisms. Epidemics and sporadic cases 
of infantile diarrhea or diarrhea of the newborn may be caused by agents such 
as Salmonella or Shigella. Occasionally, a bacterium of another group is 
thought to be the etiological agent in a particular outbreak and, in certain in- 
stances, viral agents have been incriminated. In a large number of otherwise 
unexplained epidemics of diarrheal disease of infants, however, certain Esch- 
erichia coli serotypes are recovered. ‘The designation enteropathogenic E. coli 
has been suggested for these particular serotypes. 

The concept that certain E. coli types might be involved in infantile diarrhea 
is not a new one. For more than 50 years workers have investigated and dis- 
cussed the role of coliform bacteria in summer diarrhea, infantile enteritis, or 
diarrhea of the newborn (see Dupont! for references to earlier literature). Un- 
fortunately, most of the earlier investigators were hampered by the fact that 
they used only biochemical tests in their attempts to differentiate between the 
suspected £. coli cultures isolated from cases and those recovered from normal 
infants or adults. By themselves, biochemical methods are inadequate for such 
differentiation because the E. coli group is composed of many different serotypes 
that often give identical biochemical reactions. A few workers used serological 
methods, however, in addition to biochemical tests. In fact, Goldschmidt? 
employed a slide agglutination technique to differentiate ‘“Dyspepsiekoli” 
cultures from cases of infantile diarrhea and to trace the epidemic spread of the 
bacteria in the investigation of an institutional outbreak. As pointed out by 
Dupont,' it is unfortunate and strange that Goldschmidt’s work did not receive 
the attention it deserved. Also, Dulaney and Michelson utilized serologic 
methods to demonstrate the relationship of a number of strains of Bacterium 
coli mutabile which they isolated from cases of infantile diarrhea during an 
epidemic. Recently, it has been learned that the cultures isolated by Dulaney 
and Michelson belong to £. coli O group 18a, 18c. 

The family Enterobacteriaceae is composed of several groups of bacteria 
such as the Salmonella group, the Shigella group, and the Escherichia coli group. 
Each of these groups is made up of biochemically similar microorganisms, 
and the groups correspond to genera in greater or lesser degree. It should be 
emphasized that while types within a group cannot be differentiated by bio- 
chemical tests, the biochemical reactions given by a culture are used to deter- 
mine the group of Enterobacteriaceae to which it belongs. Serologic methods 
must then be employed to determine the serotype within a biochemical group. 

Antigens of E. coli. The work of Kauffmann*” and his collaborators made 
possible the development of a system for serologic typing of £. coli cultures and 
resulted in an antigenic schema in which the microorganisms may be classified. 
Interest in members of the E. coli group has been stimulated by the association 


61 


62 Annals New York Academy of Sciences 


TABLE 1 
ANTIGENS OF ESCHERICHIA COLI 


K antigens 
O group antigens H antigens 
L A B 
135 30 26 21 40 
Total, 77 


of certain serotypes with diarrheal disease. As a result, the EZ. coli antigenic 
schema has been extended so that, at present, 135 O, 77 K, and 40 H antigens 
are now known (TABLE 1). Further information relative to these antigens 
may be found in Kauffmann,’ and Edwards and Ewing.’ The O antigens of 
the bacteria are the somatic antigens not inactivated by heat at 121°C. K 
antigens are somatic antigens that occur as envelopes or as capsules. These 
antigens inhibit the agglutination of living bacteria in O antisera, but this in- 
hibitory effect is inactivated by heat at 100° C. or at 121°C. The H, or flagel- 
lar, antigens are also inactivated by heat at 100°C. Antisera for O antigens 
are prepared by injection of smooth cultures that have been heated at 100° C. 
for two and one-half hours, or at 121° C. for two hours, to inactivate their K 
and H antigens. In the preparation of K antisera, formalinized or living cul- 
tures of K forms, selected from platings, are used for injection into animals. 
Whenever possible, nonmotile strains should be used for K antiserum produc- 
tion. H antisera are produced with cultures of bacteria that have been passed 
through semisolid agar several times to enhance the development of H antigen. 
Detailed discussion of methods for the production and use of O, K, and H anti- 
sera may be found in the publications of Kauffmann,’ and of Edwards and 
Ewing. 

The K antigens of £. coli cultures are a class composed of at least three vari- 
eties, designated L, A,and B (TaBLE 2). All varieties occur as sheath, envelope, 
or capsular antigens that inhibit agglutination of living bacteria in O antisera. 
One of the most important differences between L and B antigens is that the 
antibody-binding power of L antigen is inactivated by heat at 100° C., whereas 
the binding power of B antigen is not. A pure L antiserum may be prepared 
by absorption of an OL antiserum with a heated suspension of the homologous 
strain. Pure B antiserum cannot be prepared by this procedure because the 
antibody binding power of B antigen is not inactivated by heat and, if OB 
antiserum is absorbed by a suspension of the homologous culture, both O and 
B agglutinins are removed from the antiserum. 

Since complete serologic typing of £. coli cultures is a time-consuming and 
somewhat involved procedure, it may properly be considered a function of a 
few centers that are equipped for the work. The personnel of many labora- 
tories may prefer to limit their activities to isolation and preliminary identifi- 
cation and to forward selected strains to a center equipped for further study.* 
It should be emphasized, however, that all laboratories should complete the 


* Methods and procedures that may be used for preliminary work were given by Ewing and Edwards.® 
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TABLE 2 
THe K ANTIGENS OF H'SCHERICHIA COLI 


Ro Characteristics 
L 1. Agglutinability of L antigen in L antisera inactivated by heat at 100° C., 1 hr. 
2. Suspensions rendered agglutinable in O antiserum by heat at 100° C., 1 hr. 
3. Antibody binding power inactivated by heat at 100° C., 1 hr. 
4. Antigenicity inactivated by heat at 100° C., 1 hr, 
5. Occur as envelope or sheath, occasionally as a capsule. 


A 1. Agglutinability of A antigen in A antiserum inactivated by heat at 121° C., 2.5 
hrs. 

. Suspensions rendered agglutinable in O antiserum by heat at 121° C., 2.5 hrs. 

. Antibody binding power not inactivated by heat at 100° C., 2.5 hrs. or at 121° 
(Oy Pak 

. Antigenicity inactivated by heat at 121° C., 2.5 hrs. 

. Occur as capsules. 


ne Wh 


. Agglutinability of B antigen in B antiserum inactivated by heat at 100° C.,1 hr. 
Suspensions rendered agglutinable in O antiserum by heat at 100° C., 1 hr. 

. Antibody binding power not inactivated by heat at 100°C., 1 or 2 hrs. or by 
1212'C2sbrs, 

. Antigenicity inactivated by heat at 100° C., 1 hr. 

. Occur as envelopes or sheaths. 


ne WON 


following steps in the identification of E. coli types, whether the cultures are to 
be sent to a center or not: (1) determination of biochemical reactions; (2) 
slide agglutination tests with living bacterial suspensions in OB antisera; (3) 
slide agglutination tests with heated suspensions; and (4) titration of heated 
suspensions for confirmation of the O antigen group. These procedures do not 
permit serotype determination but they do allow identification of the O antigen 
group of those serotypes for which antisera may be available. It should be 
emphasized that anyone may enlarge the scope of his &. coli work as time and 
facilities permit. In fact, this procedure is to be commended and encouraged, 
for additional centers are needed. 

Complete serotyping of £. coli cultures from cases of diarrheal disease is 
dependent upon the characterization of all of the antigenic components about 
which any information is available; that is, upon the determination of the O, 
K, and H antigens of the strains. The steps generally followed in the study of 
these components may be outlined as follows: (1) slide agglutination tests in 
which living suspensions are examined in both OB and O antisera prepared with 
those serotypes that have been associated with diarrheal disease (TABLE 3) and 
used for certain sub judice serotypes; (2) slide tests in which heated suspensions 
are tested in the same OB and O antisera; (3) titration of heated suspensions in 
serial dilutions of the indicated O antisera for confirmation of the O antigen 
group; (4) slide tests in absorbed factor antisera to differentiate related O anti- 
gen groups and to determine the component O antigenic fractions within an O 
antigen group; (5) titration of K (B) antigen suspensions in K (OB) antisera 
for confirmatory purposes; and (6) determination of H antigens. 

In steps 1 and 2, antigen suspensions are tested in OB and O antisera in 
slide tests, first as living suspensions and again after heating. Agglutination of 
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TABLE 3 
EScHERICHIA COLI SEROTYPES ASSOCIATED WITH DIARRHEAL DISEASE 
O antigen K antigen H antigens (and synonyms) 
26 60 (B6) NM* (E893), 11 
55 59 (B5) NM (8), 2, 4, 6, 7, 8, 10, 21 
86 61 (B7) NM (E990), 8, 9, 10, 11, 34 
86 62 (L) 2 
111 58 (B4) NM (a), 2 (D433), 4, 11, 12, 16, 21 
ii2asia2e 66 (B11) NM (Guanabara) 
119 69 (B14) NM, 6 (Aberdeen 537-52), 9, 18, 27 (W34) 
124 72 (B17) NM, 19, 30, 32 
125a, 125b 70 (B15) 19 (Canioni), 21 
125a, 125c 70 6 
126 71 (B16) NM, 2 (E611), 27 
127a 63 (B8) NM (Holcomb) 
128a, 128b 67 (B12) 2 (Cigleris), 8, 9 
128a, 128c 67 NM, 8, 10, 12 


* Nonmotile. 


TABLE 4 


PRELIMINARY EXAMINATION OF THE K ANTIGENS OF HSCHERICHIA COLI CULTURES 
FROM CASES OF INFANTILE DIARRHEA (SLIDE TEsTS) 


E. coli antisera 
Antigen suspensions 


026:B6| 026 |055:B5| O55 |O111:B4) O111 |0127:B8) 0127 


Kyantigeni(living)))..s.o0-.00-< — — 
Ovantipeni(A00> sC. .delirs) sees eel cee 


Symbols: —, no reaction; 4, complete agglutination. 


a living antigen in an OB antiserum and lack of a reaction in the corresponding 
O antiserum are indicative of the presence of B antigen in the strain. If sucha 
reaction occurs in one of the OB antisera, the suspension is heated at 100° C. 
for one hour, cooled, and retested in the indicated OB and O antisera. If the 
culture belongs to the O antigen group, the heated antigen may be expected 
to react in both OB and O antisera. An example of results that may be antici- 
pated with freshly isolated cultures is given in TABLE 4. It is to be emphasized 
that in slide agglutination tests with the unabsorbed antisera employed in 
steps 1 and 2, cognizance should be taken only of strong reactions, and undue 
significance should not be attached to weak and delayed agglutination. Also, 
it must be pointed out that if a living suspension reacts strongly in O, as well 
as in the OB antiserum, the culture must be plated, and colonies that are in- 
agglutinable in O antiserum must be selected for reexamination. 

For the third step, broth cultures that have been heated at 100° C. for one 
hour are titrated in serial dilutions of O antiserum. Such tests are read after 
16 hours incubation in a water bath at 48 to 50°C. If the results of slide ag- 
glutination tests performed in the first steps are clear-cut and the culture is 
inagglutinable in O antisera, confirmation may be expected in the titrations. 
Other £. coli cultures, however, are related to certain of the serotypes associated 
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with infantile diarrhea through possession of common O antigenic fractions. 
A strain that belongs to one of these related O groups may be expected to cross- 
react in the titrations. Also, it should be remembered that living suspensions 
of E. coli cultures that belong to related O antigen groups may react in OB and 
O antisera in slide tests if they are not O-inagglutinable, and heated suspen- 
sions may be expected to cross-react. As an example of this, the O antigens of 
O group 25 strains are related to those of 026, and an O group 25 suspension 
may react in 026: B6 and O26 antisera in slide tests, but when tested by titra- 
tion in 026 antiserum, only a relatively low-titered reaction is obtained (TABLE 
5). Ifa culture thought to belong to O group 26 reacts in this manner, the 
suspension is titrated in O group 25 antiserum. 

In step 4, heated antigen suspensions are examined in absorbed O antisera 
by means of slide agglutination tests. These examinations serve one or the 
other of two purposes: (1) to differentiate the O antigens of a culture from those 
of strains that belong to related O antigen groups, as illustrated in TABLES 5 
and 6; or (2) for the characterization of O antigenic components within a single 
O antigen group. For example, the two absorbed antisera listed in TABLE 7 
may be used for this purpose. As will be mentioned later, these detailed anal- 
yses are necessary for accurate epidemiological studies. A list of absorbed O 


TABLE 5 
O ANTIGENIC RELATIONSHIP OF HscHERICHIA coLI O25 AND O26 


E. coli antisera 


E. coli O antigen suspensions 025 026 
(100° C., 1 hr.) 
Unabsorbed es by Unabsorbed didagets by 
025 20,480* 10,240 1,280 (0) 
026 1,280 OT 20,480 20,480 


* Reciprocal of highest dilution in which agglutination occurred. 
+ No reaction at 1:40, the lowest dilution tested. 


TABLE 6 


EXAMPLE OF ABSORBED EH. coz1 ANTISERA USED IN DETERMINATION 
or O ANTIGEN Groups (SLE TEsTs) 


E. coli O antisera 


O antigen suspensions 25 26 
(100° C., 1 hr.) 


Absorbed by Absorbed by 


Unabsorbed 4, 18, 26, 102 Unabsorbed 4, 18, 25 
4 + 2 if: - 
18 + = + - 
25 + + + = 
26 + < te ie 
102 + - + - 
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TABLE .7 
Tur O AntIcENIcC Components or H. coz1 O Group 128 


E. coli O antisera 
E. coli O antigen suspensions 128a, 128b 128a, 128c 
(100° C., 1 hr.) 
Unabsorbed eared pt 4 Unabsorbed Ae ioat 
128a, 128b 10,240 1,280 2,560 0 
128a, 128c 10,240 0 5,120 1,280 
TABLE 8 


AxssorBeD EH. coz1 O ANTISERA REQUIRED FOR DIFFERENTIATION OF SEROTYPES 
ASSOCIATED WITH DIARRHEAL DISEASE 


E. coli O antiserum Absorbed by suspensions of E. coli O group(s) 
25 4, 18, 26, and 102 
26 4, 18, and 25 
86a, 86b 86a and 90 
86a 90 
127a 90 
127a, 127b 90 and 127a 
11a, 111b lila, 111c 
111la, 111c 1ila, 111b 
112a, 112b 112a, 112c 
di2ayti2¢ ‘ 112a, 112b 
119 48 
125a, 125b 73 
125a, 125b 125aeL25¢ 
125a, 125c 125a, 125b 
126 75 
75 126 
128a, 128b 87 
87 128a, 128b 
48 128a, 128b and 87 
128a, 128b 128a, 128c 
128a, 128c 128a, 128b 


———— 


antisera known to be required for use with £. coli cultures from cases of diarrheal 
disease is given in TABLE 8. 

In step 5, the results of slide agglutination tests with living antigens (step 1) 
are confirmed by titration of formalinized broth cultures in the indicated OB 
antiserum. Antigen suspensions employed in such tests generally are pre- 
pared by inoculation of broth from isolated colonies selected for O inagglutina- 
bility. After incubation for four to five hours the cultures are formalinized by 
the addition of 0.5 per cent formalin. The O inagglutinability of the antigen 
suspension is controlled by titration of the same formalinized antigen in serial 
dilutions of O antiserum. Both in the test in OB antiserum and the control 
titration are placed in an incubator at 37° C. for two hours and then removed 
to a refrigerator for overnight incubation. Characteristic agglutination — 
(which results in the formation of compact membranes at the bottom of the 
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tubes) to the B titer of the OB antiserum (usually 1:320 or 1:640) and lack of 
a reaction in O antiserum serves to confirm the identity of the B antigen in most 
‘ instances. A slight, incomplete reaction in low dilutions (<1:160) of O 
antiserum is acceptable, but if complete agglutination is seen, even in low 
dilutions, the results are considered equivocal and the tests must be repeated 
with antigen suspensions prepared from newly selected colonies. In some in- 
stances where circumstances warrant, B antigens are determined by absorption 
of OB antiserum with a heated (100° C., two hrs.) suspension of the culture 
under examination. If the culture possesses the same O and B antigens pos- 
sessed by the strain used to prepare the OB antiserum, both O and B agglutinins 
are removed from the antiserum. 

The final, or sixth, step in serologic typing is determination of the H antigens 
of motile strains. Freshly isolated cultures usually are poorly motile, and anti- 
gens prepared from them do not react in a characteristic manner when tested 
in H antisera. To promote motility and enhance H antigen development, 
cultures are passed through semisolid agar medium several times, after which 
broth cultures are prepared. Following incubation, these cultures are forma- 
linized and used as antigens in H agglutination tests. Such antigens are first 
tested in eight pools, each of which contains 10 H antisera. These are single- 
tube tests. The final dilution of the individual antisera in each pool is 1:1000. 
The tests are incubated in a water bath at 48 to 50° C. and are read after 15, 
30, and 60 minutes. If H agglutination occurs in one of the pools, the antigen 
is then tested in each of the component antisera of that pool by means of single- 
tube tests at 1:1000 dilution. The results so obtained are confirmed by titration 
in serial dilutions of antisera. With few exceptions, the known H antigens of 
E. coli cultures do not cross-react when tested in the antiserum dilutions men- 
tioned. Strong reciprocal relationships, however, are known to exist between 
H antigens 1 and 12, 8 and 40, 11 and 21, and 30 and 32. For this reason, 
antisera for these H antigens are paired in the pools mentioned above, and 
cross-absorbed antisera are used in final identification. 

The H antigens of many E. coli cultures may be determined by means of 
slide agglutination tests using absorbed H antisera. The advantage of such 
examinations lies in the fact that absorbed H antisera may be used in low dilu- 
tions (1:10 or 1:20) and the H antigens of many sluggishly motile cultures can 
be determined without passage in semisolid medium, or after only one or two 
passages. Thus far, pure H antisera have been prepared for all of the H anti- 
gens listed in TABLE 3 and for a few additional H antigens. The remainder are 
under investigation. 

If E. coli cultures do not belong to any of the serotypes presently known to 
be associated with infantile diarrhea and cannot be serotyped by means of the 
procedures outlined above, it is necessary to resort to other methods for O 
group and K antigen determinations. 

Heated O antigen suspensions prepared from such cultures are¥first tested 
in several pools that contain O antisera for 135 O antigen groups. Each O 
antiserum pool contains from 10 to 13 individual antisera that are grouped to- 
gether according to antigenic relationships or for convenience. The pools are 
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diluted in such a way that the concentration of each component antiserum is 
1:100. They are used in single-tube tests in which the final dilution is 1:1000. 
If agglutination occurs in one of the O antiserum pools, the O antigen prepa- 
ration is then tested in each of the antisera contained in the pool. These are 
also single-tube tests in which antiserum dilutions of 1:1000 are used. This 
step is followed by titration of O antigen suspensions in the antiserum, or 
antisera, indicated by the single-tube tests. Since there are many reciprocal 
relationships between O antigen groups, it often is necessary to titrate an O 
antigen preparation in two or more individual O antisera. Furthermore, anti- 
sera absorbed by one or more heterologous O groups are required for O 
group identification in many instances. These absorbed O antisera are used 
in slide tests after the results of titrations are known. 

For determination of the K antigens of £. coli strains that belong to other 
serotypes, living suspensions are tested in pooled K antisera on slides. Each 
pool contains five antisera and the dilution of the individual antisera in each 
is 1:5 or 1:10. Subsequently, the K antigen suspension is tested in the indi- 
vidual antisera contained in the pool, or pools, in which a reaction has been 
obtained. Then, the degree of inagglutinability of the antigen is determined 
by tests in O group antiserum, and the results of slide tests are confirmed as 
outlined in step 5. 

The H antigens of serotypes other than those presently associated with diar- 
rheal disease are determined in the manner given in step 6. 

There are several reasons why complete and detailed serologic analysis of 
E. coli strains is considered desirable. First, complete serotyping is necessary 
for accurate epidemiological studies, since different serotypes exist within the 
several O antigen groups known to be associated with diarrheal disease. In 
attempts to trace the source of infection in an outbreak or in studies of intra- 
hospital and interhospital spread of infection, determination of O antigenic 
components and of H antigens of the strains involved would seem to be essen- 
tial, just as it is in the investigation of salmonellosis. These determinations 
also are necessary for the detection of other serotypes of the same O antigen 
group that may be introduced into a ward by newly admitted cases during the 
course of an epidemic. ‘The reader is referred to the work of Wright, Roden, 
and Villanueva™ for an excellent illustration of the value of H antigen deter- 
minations in epidemiological studies. 

Second, complete serotyping is necessary for the compilation of accurate data 
regarding incidence of various serotypes. Within O group 55 there are several 
serotypes, of which 055:B5:H6 appears to be most common in the United 
States. Of the several serotypes contained in O group 128, serotype 0128a, 
128b: B12: H2 is of more common occurrence.** Further studies on serotypes 
within these and other O antigen groups should lead to the accumulation of 
much more accurate information on incidence and geographic distribution of 
serotypes associated with infantile diarrhea. 

Third, complete antigenic characterization is required for study of serotypes 
that may be suspected of being of etiological significance in diarrheal disease, 
for no given serotype can be definitely incriminated until it has been fully 
characterized and found associated with outbreaks of disease in widely sepa- 
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TABLE 9 
SEROLOGICALLY RELATED FE. coL1 CULTURES THAT ARE EPIDEMIOLOGICALLY DistTINcT 


10) K H Sources References 

86a 61 (B7) a* Infantile diarrhea Charter & Taylor,16. 7 
@Mrskov,'8 Ewing et al.19 

86a, 86b 64 (B9) 35 Normal adult Ewing et al.19 

1ila, 111b 58 (B4) d Infantile diarrhea Bray,” Bray e¢ al. 
Varela et al.,?2 Taylor” 

111la, 11ic 58 (B4) NM _ | Monkeys Ewing et al.36 

127a 63 (B8) NM_ | Infantile diarrhea Ewing et al.19 

127a, 127b 65 (B10) 4 Normal children Ewing et. al.19 


* An epidemic strain may be nonmotile or may possess one of several H antigens. 


rated areas. Parenthetically, it may be added that strains of E. coli employed 
in pathogenicity tests should be characterized as completely as possible. 

As a fourth reason, it may be said that detailed studies on the antigenic com- 
ponents of £. coli cultures often are of considerable value in the differentiation 
of serologically related strains that are epidemiologically distinct. Cultures of 
alleged “‘infantile diarrhea types” isolated from such diverse sources as normal 
persons and animals should be subjected to the closest scrutiny because careful 
examination often reveals that such strains are not infantile diarrhea serotypes 
but only related types. Several instances in which such differentiation has 
been possible are given in TABLE 9. In addition, @rskov' has shown that cul- 
tures of E. coli O group 86 isolated from urine, from appendicitis, and from 
bovine mastitis differ in their H and K antigen content from strains of this O an- 
tigen group isolated from infantile enteritis. Also, @rskov and Fey* demon- 
strated that a culture of O group 55 recovered from bull semen contained an 
O antigen factor not present in strains from cases of diarrheal disease in infants. 

In concluding, we may add that complete serotyping of £. coli cultures has 
its own intrinsic values. It aids in the classification of many so-called “‘para- 
colon Escherichia” cultures, which previously could be classified only by bio- 
chemical means. Also, studies of £. coli serotypes and their relationships to 
members of other groups of Enterobacteriaceae have contributed to the formu- 
lation of the present day conception of the enteric family as a large interrelated 
group of bacteria. Last, complete serotyping and research are urged because 
the resultant data add to our limited knowledge of the very large E. coli group. 
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EXPERIMENTAL DIARRHEAL DISEASE OF HUMAN 
VOLUNTEERS DUE TO ESCHERICHIA COLI 


By William W. Ferguson 


Division of Laboratories, Michigan Department of Health, 
Lansing, Mich. 


Usually, in the present era of microbiological science, the finding of a sus- 
pected agent of disease is followed fairly rapidly with confirmatory evidence of 
its significance. Occasionally the question of the role of an organism, relative 
to a syndrome or disease, will remain unsettled for years. Such has been the 
case with certain serotypes of Escherichia coli reported in infant diarrhea by 
numerous investigators during the last decade. 

Unusual difficulties have been encountered in resolving the question of the 
etiology of these organisms. First, there has been the very real problem of 
overcoming the concepts of the past in regard to the commensal role of all coli- 
form organisms in the intestinal tract of man. Second, investigators have been 
denied the aid of the agglutination reaction with which Shiga and other early 
workers clinched the pathogenic significance of bacillary dysentery organisms. 
Infants have either developed no reaction or a weak rise in serum agglutinins 
when infected with enteropathogenic £. coli. Third, there has been no experi- 
mental animal for determining the pathogenicity of diarrheal types of E. coli 
and for contrasting their disease-producing properties with those of normal coli- 
form bacteria. Of necessity, the case for the etiologic role of £. coli organisms 
in infant diarrhea has depended upon extensive epidemiologic, clinical, and bac- 
teriologic observations. 

In the absence of a susceptible experimental animal, it has been natural to 
resort to man as a test subject. A limited number of investigations have been 
made in which human adult volunteers, or infants, have been fed £. coli sero- 
types 55:B5, 111:B4, or 127:B8. The evidence furnished by these studies is 
not completely satisfying but, in general, it tends to confirm clinical and epi- 
demiologic observations regarding pathogenicity. The present paper is a re- 
view of these studies. 

Kirby, Hall, and Coackley,! in England in 1950, were the first to report hu- 
man feeding experiments with any of the enteropathogenic E. coli. They used 
a total of 18 adult volunteers and employed two strains of #. colt 111:B4. Both 
test strain A and strain B were derived from the same stock culture which had 
been refrigerated on an agar slope since its isolation 11 months pre- 
viously. Strain A was kept for long intervals at room temperature on agar 
plates, while strain B was a recent transfer from the old stock culture. Both 
organisms were grown under 10 per cent CO2-enriched atmosphere before har- 
vesting. The dose of test organisms employed was approximately 2 billion 
(2 X 10°). 

The history of the test strains employed is particularly pertinent because 
strain A produced illness in four of six volunteers who ingested it, while strain B 
caused no symptoms in the three men who were fed it. Illness in those who in- 
gested strain A was mild, amounting to diarrhea and abdominal discomfort in 
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three men, and diarrhea, vomiting, and abdominal discomfort in a fourth man. 
On the average, symptoms developed in 12 hours and disappeared in 24 hours. 
Controls consisted of three men who ingested uninoculated medium in milk— 
the vehicle for test feedings—and six men who ingested two different strains of 
fecal E. coli unrelated serologically to type 111:B4. No control became ill. 
Only three of those who ingested strain A and the three who ingested strain B 
were tested for a rise in specific agglutinins. In all instances the titers were 
less than 1 in 10. 

Kirby, Hall, and Coackley! reported that they were investigating possible 
differences in strains A and B, but to date nothing has appeared in the literature 
concerning their findings. 

The experiment of Neter and Shumway’ on a two-month-old infant with con- 
genital defects is the only instance of an infant-feeding study carried out with 
an enteropathogenic E. coli in this country. The infant, shown previously not 
to be harboring F. coli 111:B4, was fed approximately 100 million 111:B4 or- 
ganisms in formula. Diarrhea and weight loss were produced within 24 hours. 
The bacteria were demonstrated within 48 hours in very large numbers in the 
throat, nasopharynx, and feces. Treatment with Terramycin resulted in clin- 
ical improvement and disappearance of infecting organisms within two days. 
Upon recovery, the infant was fed a different type of E. coli recovered from its 
feces prior to contact with type 111:B4. No diarrhea or weight loss followed 
this event. : 

The next study that will be summarized is out of place in this review from 
the standpoint of chronology, but its inclusion at this point is obvious since it 
deals with infant-feeding experiments. This work was reported at the Sixth 
International Congress of Microbiology in Rome, Italy, in 1953 by H. Hiroki® 
of the Kitasato Institute for Infectious Disease in Tokyo, Japan. The full 
report is not available in published form and exists only in manuscripts distrib- 
uted by Hiroki. This work has already been referred to in the literature by 
Dupont* of Copenhagen, Denmark. 

In a modern nursery containing 20 babies, an outbreak of diarrhea and vomit- 
ing apparently was started by the introduction of two diarrheal infants whose 
stools subsequently yielded E. coli 55:B5. A total of 15 babies in the nursery 
was soon found to be infected with this type of pathogen. Nine of the infants 
developed diarrhea and vomiting. The other six passed a few soft stools but 
otherwise remained well. After the start of the outbreak, three of the well in- 
fants, ages 10 and 11 months, were fed EZ. coli 111:B4 (the dosage is not stated 
definitely). Two of these infants developed diarrhea and excreted the test 
organisms, and the third infant showed no symptoms other than soft stools. 
Within three weeks, 10 out of 22 babies in the nursery had developed infection 
with £. coli 111:B4 while, at 4 weeks, 18 out of 22 babies excreted either type 
55:B5 or 111: B4. 

Obviously, conditions for a feeding experiment were not optimal in a nursery 
undergoing an outbreak. It seems clear, however, that two of three well babies 
developed diarrhea following ingestion of 111:B4 organisms. The spread of 
this coli type among other infants in the nursery is of interest but of limited 
significance in the absence of detailed clinical information. The same spread 
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might have occurred had a normal fecal strain of E. coli been introduced into 
this population. Use of the word “‘infection” by this investigator implies only 
the establishment of enteropathogenic £. coli in the intestinal tract. 

Two reinfection experiments reported by Hiroki are of considerable interest: 

(1) An infant who had natural infection with 55:B5 E. coli, with symptoms 
of diarrhea, excreted the organism for 15 days. After a period of 17 days in 
which the infant was well, a feeding of the homologous strain of 55:B5 was 
made. Again the baby developed diarrhea, but in milder form. Excretion of 
55:B5 organisms lasted for 34 days. 

(2) A second infant who developed symptoms following feeding with 111: B4 
organisms was reinfected with a second feeding of the homologous strain of 
111:B4 after apparently becoming free of infection. Again symptoms devel- 
oped, but of a milder form. This baby excreted the organisms for 44 days. 
Hiroki points out that little protection was conferred by the first infection, and 
excretion of infecting organisms appeared to be in excess of the quantity seen 
during the original illness. 

In a further experiment, Hiroki’ collected feces from an infant discharging 
both 55:B5 and 111:B4 organisms, and from a second infant excreting type 
111:B4 only. These he filtered through paper and, in addition, centrifuged and 
Seitz-filtered a portion of each. He fed the portions bearing organisms and the 
Seitz-filtered portions to different groups of babies, and produced diarrhea in 
the former groups and no symptoms in the latter. His experiment can, of 
course, be criticized because the Seitz filter might very well have retained most, 
if not all, of any viral agent present. ‘This is the first experiment, to my knowl- 
edge, in which an attempt has been made to transmit a possible viral agent by 
an infant-feeding experiment with stool inoculum of the type described. 

In 1951 in this country, human adult feeding experiments were planned by 
Ferguson and June’ before the authors were aware of the work of Kirby, Hall, 
and Coackley. When it was learned of the considerably different results ob- 
tained by the British investigators in feeding two different strains of E. coli 
111:B4, it was decided to feed a mixture of three enteropathogenic coli strains. 
The test strains selected were isolated locally, and all three had been confirmed 
as type 111:B4 by Kauffmann. A total of 114 adult healthy males was used, 
divided into 56 men in the control groups and 58 in the test groups. Control 
personnel received milk only, with no knowledge of the innocuous nature of the 
drink, while test personnel received milk seeded with organisms. The first 
group of test personnel ingested 9 billion £. coli 111:B4 organisms, the second 
6.5 billion, the third 530.5 million, and the fourth group 7 million organisms. 
Feeding 530.5 million organisms or less produced a mild illness or no effect, but 
feeding 6.5 or 9 billion organisms produced symptoms varying from severe to 
slight in all volunteers. A typical severe case experienced abdominal discomfort 
and sometimes nausea within 4 to 6 hours after the feeding, followed by severe 
diarrhea within 9 to 12 hours. Fatigue and cramps with diarrhea were usual 
within the first 24-hour period, and symptoms sometimes persisted for as long 
as 5 to 6 days. A rise in temperature was usual within the first 12 hours after 
feeding. 

A group of 11 men, each of whom ingested 9 billion organisms of a suspension 
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of fecal E. coli serologically unrelated to known enteropathogenic E. coli, ex- 
perienced no ill effects and developed no serum agglutinins to this organism. 
Control personnel experienced no illness beyond a few complaints of cramps or 
headache, and none developed a rise in serum agglutinins for E. col 111: B4. 
In contrast, 38 of 58 men in the test groups showed a rise in serum agglutinins 
for E. coli 111:B4, regardless of whether symptoms had been present or not. 

In 1952, experiments in feeding adult volunteers with E. coli 55:BS organ- 
isms were carried out by June, Ferguson, and Worfel® that followed fairly closely 
the plan of the experiments just summarized. A total of 71 men was used, 31 of 
whom ingested living cultures of E. coli 55:B5 of a dosage varying from 16 bil- 
lion to 143 million organisms. Eight men were also each fed a dose of 16 billion 
killed organisms of type 55:B5, while an additional eight volunteers each in- 
gested a dose of 15 billion organisms of a “normal” fecal E. coli. Control per- 
sonnel received uninoculated milk. 

Symptoms in those who ingested living 55:B5 £. coli were generally milder 
than those exhibited by volunteers fed the 111:B4 organisms. Below a level 
of 1.725 billion organisms the symptom response was slight. In higher dosage 
groups, however, there was one case of severe response and four cases of moder- 
ate illness. Volunteers who ingested either killed 55:B5 organisms or living 
‘normal’ fecal E. coli organisms experienced no illness. Specific agglutinin 
response to the organism fed was present among the majority of those men who 
ingested living 55:B5 organisms, but it was not found among the men who re- 
ceived killed 55:B5 cultures or the “normal” £. coli. It was felt that the lack 
of serologic response in the latter two groups answered to some degree the valid 
objection that massive doses of living 55:B5 cultures might elicit a response 
similar to that of a killed vaccine. 

The specificity of serologic reactions in the foregoing O55 experiments was 
confirmed in the laboratories of Erwin Neter by hemagglutination tests.” All 
available sera were identified to him by number only until his results were com- 
pleted. It was found that, except for the much greater sensitivity of the hemag- 
glutination tests, Neter’s results paralleled those obtained by June, Ferguson, 
and Worfel.® 

In Japan, the feeding experiments of Fukumi and Kosakai® on adult volun- 
teers agree in some respects with results obtained in this country and disagree 
in others. The Japanese workers fed a mixture of 111:B4 strains in a dosage 
of 5 billion organisms to eight volunteers and produced diarrhea in six indi- 
viduals and other symptoms in the remaining two. They were not able to dem- 
onstrate an agglutinin response after the feeding, a surprising result in consider- 
ation of the large number of organisms ingested. Volunteers fed a “normal” 
human fecal strain of Z. coli showed no symptom response, but three of five 
persons who ingested an £. coli culture isolated from a monkey developed mild 
diarrhea. It is relevant at this time to point out that selection of “normal” 
fecal E. coli strains is a gamble, since we know nothing of the properties that 
make one strain harmless, but another enteropathogenic when fed to a subject. 

The following experiment, carried out recently in this country by Wentworth, 
Brock, Stulberg, and Page,’ illustrates the variation in individual susceptibility 
that one has come to expect in feeding studies. ‘Two adult males, ages 28 and 
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32, ingested a mixture of E. coli 127: B8 cultures consisting of a dose of 4 million 
organisms for one man and 8 million organisms for the other. When compared 
with the dosage of 111:B4 and 55:B5 types that other workers have found nec- 
essary to produce symptoms, 4 million or 8 million organisms is very small. 
Nevertheless, both men experienced diarrhea, abdominal cramps, nausea, and 
mild-to-moderate malaise. The man who ingested only 4 million organisms 
experienced the more severe illness. By bacterial agglutination and hemag- 
glutination tests, both volunteers were shown to develop a rise in specific anti- 
body. Thirty-two days after the initial feeding took place the individual with 
milder symptoms ingested a second dose of 127:B8 cultures, this time a total 
of 8 million organisms. No symptoms of any nature were experienced. 

Perhaps the most unusual experiments undertaken on human volunteers 
with any of the enteropathogenic £. coli are those of Koya et a/.!°." in Japan. 
By means of a double-lumen Miller-Abbott tube and fluoroscopic guidance, 
these workers took normal drainage specimens from three healthy adult male 
volunteers and found the duodenum, jejunum, and upper ileum practically 
sterile. Feeding the men with £. coli 111: B4 cultures in doses up to 1.4 billion 
organisms produced diarrhea, accompanied by nausea and vomiting. The 
fecal flora was largely taken over by 111:B4 cultures. A series of drainage 
specimens taken at intervals after the feeding yielded pure cultures, or nearly 
pure cultures, of 111: B4, from the small intestine. A fourth volunteer who was 
fed the smallest dosage of organisms, numbering approximately 27 million, de- 
veloped no symptoms. Drainage specimens from this man yielded no E. coli 
111: B4 cultures, and the organisms were not recovered in the feces up to four 
days after feeding. When this volunteer later was fed 1.6 billion 111: B4 or- 
ganisms, however, he developed symptoms, and drainage specimens from the 
ileum gave a high count of type 111:B4. Koya and his colleagues made the 
assumption that proliferation of the organisms in the small intestine was the 
cause of illness in the volunteers, and that appearance of the cultures in the 
large intestine was of incidental significance. 

In order to test the validity of this assumption, the ascending colon of each 
of four adult male volunteers was inoculated with 6 to 18 billion 111: B4 bac- 
teria by means of the Miller-Abbott tube. No symptoms developed in the 
volunteers. Furthermore, the 111:B4 organisms could not be recovered from 
the stools of three men. Stools of a fourth volunteer yielded 111: B4 cultures 
only for 24 hours after inoculation. 

As a further test, five more volunteers were inoculated with 111:B4 cultures 
in dosages up to 35 billion organisms, this time by means of sigmoidoscope and 
catheter. Inoculum was deposited up to the end of the descending colon after 
saline enema. No symptoms developed in these men, although two individuals 
excreted 111:B4 organisms for 7 to 10 days thereafter. 

The very recent work of Scott Thompson” in England lends some support to 
the assumptions of Koya ef al. Thompson did quantitative bacteriological 
studies of duodenal drainage specimens taken from a large number of infants 
who were either (1) normal, (2) ill with gastroenteritis due to enteropathogenic 
E. coli, (3) convalescing from coliform gastroenteritis or, (4) ill with gastro- 
enteritis not due to enteropathogenic E. coli. In agreement with other workers, 
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Thompson found that the normal infant had few or no £. colt in the duodenum. 
In infants of the second category he found that drainage specimens showed a 
high count of type 111:B4, 55:B5, or 26:B6 E. coli. In only one of five infants 
convalescing from gastroenteritis but still excreting enteropathogenic E. coli 
could he find £. coli organisms in drainage specimens. These were not of the 
enteropathogenic type. Finally, in cases of gastroenteritis not due to entero- 
pathogenic E. coli, Thompson found only a few or no E. coli in duodenal drain- 
age specimens. He feels that multiplication of enteropathogenic E. coli may 
take place throughout the whole length of the gut in infants infected with these 
organisms, but he places particular emphasis on their occurrence in the duo- 
denum. Thompson asserts that clinically, pathologically, and bacteriologically 
there are striking resemblances between Asiatic cholera and gastroenteritis of 
babies due to enteropathogenic E. colt. 

In the introduction to the study just summarized, Thompson” has pointed 
out that feeding tests of adults with enteropathogenic £. coli can scarcely be 
considered fair tests because of the large numbers of bacteria ingested. He con- 
siders that such feedings do not correspond to invasion of the body by a small 
infecting dose that becomes established and multiplies. It seems unlikely that 
Thompson will meet with any argument in this view, for there is no reason to 
believe that investigators who fed £. coli to adults were under the illusion that 
the tests approximated natural infection, particularly in the matter of dosage. 
It should be realized that Thompson’s criticism also applies to human feeding 
tests with Shigella’ and Salmonella, in which the effective doses fed to volun- 
teers were probably far in excess of the dose in natural infection. 

Taken as isolated experiments, the adult feeding studies summarized in this 
paper would be of questionable significance but, taken as complementary studies 
to epidemiologic and clinical observations on coliform diarrhea, they have mean- 
ing. They give added weight to the view that enteropathogenic £. coli, and 
particularly types 111:B4, 55:B5 and 127:B8, are different from normal fecal 
E. coli. The organisms were toxic to adults when ingested in large numbers, 
whereas comparable doses of normal human fecal E. coli produced no effect. 
They produced a rise in agglutinins in adults when ingested that normal E. coli 
did not. Heated 55:B5 organisms produced no symptoms and no rise in serum 
agglutinins, suggesting that toxic components had been altered or destroyed. 
Fukumi’ states in recent correspondence, however, that he has been able to 
produce diarrhea in some subjects by feeding large doses of heated type 111: B4, 
but the details of his experiment are not yet available. 

Infant-feeding experiments, although open to criticism from the standpoint 
of heavy dosage, have clearly shown that symptoms similar to those of natural 
infection can be produced. Moreover, Neter and Shumway? demonstrated that 
prompt treatment with an antibiotic following artificial infection cleared up 
both symptoms and infecting organisms. A second feeding with a normal 
fecal E. coli produced no effect. The repeat feeding experiments of Hiroki,* on 
the other hand, produced reinfection with enteropathogenic coli. 

_ From the experiments of Koya et al.!°. ™ and the observations of Thompson,” 
it would appear that certain of the enteropathogenic E. coli are able to adapt 
themselves and to multiply in the small intestinal tract of artificially infected 
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adults or in naturally infected infants. Ordinary E. coli of the gut are ap- 
parently unable to do this. This combination of circumstances suggests sev- 
eral interesting possibilities: (1) the pathogenic effects of special E. coli types are 
exerted chiefly in the small intestine of man; (2) the ability of these organisms 
to grow in the small intestine of man may have more to do with their pathogenic 
properties than any special endotoxicity; or (3) a combination of special endo- 
toxicity and ability to grow in the small intestine may constitute pathogenicity. 
These are, it must be stressed, implications only of the work of Koya 
and Thompson. Whether they will prove valid remains to be seen. 
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ESCHERICHIA COLI ASSOCIATED WITH INFANTILE DIARRHEA* 


By Merlin L. Cooper, Edward W. Walters, and Helen M. Kellert 


The Children’s Hospital Research Foundation and the Department of Pediatrics, College 
of Medicine, University of Cincinnati, Cincinnati, Ohio 


Reports on Escherichia coli and its relation to acute diarrhea in infants date 
from the study by Adam! in 1927 in Germany, in which he found certain fer- 
mentative types associated with diarrhea in infants. Fermentative and other 
biochemical reactions were, however, inadequate for demonstration of an eti- 
ologic relationship. In 1944 and 1947, Kauffmann,” ** in Denmark, pub- 
lished an antigenic schema for the E. coli group, based upon his earlier work 
and that of his collaborators, Knipschildt®: ® 7 and Vahlne.’ In 1945, Bray,° 
in England, utilizing the antigenic schema of Kauffmann, was the first to dem- 
onstrate the association of a specific serologic type of EZ. coli with an epidemic 
of diarrhea among newborn infants, and focused attention more strongly on 
E. coli as a possible etiologic agent. This particular type of E. coli was shown 
subsequently to be E. coli 0111:B4. Giles, Sangster, and Smith,!° in 1949, in 
Scotland, reported a second serotype, 055:B5, associated with an outbreak of 
diarrhea among infants. Since these two serotypes of E. coli were discovered, 
and their association with infantile diarrhea reported, they have been isolated 
from infant patients in outbreaks of epidemic diarrhea in many parts of the 
world. 

In the United States, bacteriological and clinical studies with certain sero- 
types of E. coli associated with diarrhea in infants date from 1950 and have 
been made, until recently, primarily by W. H. Ewing,“ Erwin Neter,!>?! 
William W. Ferguson” and their collaborators. In 1954, Stulberg, Zuelzer, 
and Nolke” reported the results of their study of an epidemic of diarrhea of the 
newborn in Detroit, Mich., caused by E. coli 0111:B4; Wheeler and Wainer- 
man” in Columbus, Ohio, used chloramphenicol and neomycin in the treatment 
and control of epidemic infantile diarrhea due to E. coli 0111:B4; and Graber 
and Dunlop’ reported on the incidence of serologic types of E. coli associated 
with infantile diarrhea among pediatric patients in the Denver, Colo., area. 
Also in 1954, methods for the isolation and preliminary identification of E. coli 
serotypes associated with cases of diarrhea of the newborn were published by 
Ewing and Edwards.”? 

The year 1955 has been unique in that two new serotypes of E. coli have been 
reported. Ewing, Galton, and Tanner* reported the detection of E. coli O111a, 
111c:B4, isolated from monkeys involved in an epidemic of diarrhea. The 
second new serotype, identified by Ewing, Tanner, and Tatum* as &. 
coli 0127: B8, was detected in epidemics of diarrhea in young infants in Cin- 
cinnati, Ohio, in the winter of 1953-54, by Cooper, Walters, and Keller; 8 in 
Detroit, Mich., in 1954, by Stulberg, Zuelzer, Nolke, and Thompson;* and in 
Denver, Colo., in late 1954, by Bernet, Graber, and Anthony.*® 
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In this paper we shall deal with two phases of our E. coli studies: first, pre- 
senting information regarding the epidemic of diarrhea in the Children’s Hos- 
pital, Cincinnati, Ohio, in which the new serotype 0127: B8 was detected; and, 
second, presenting information regarding bacteriological studies of rectal swab 
cultures on patients in the Children’s Hospital during the 19 months since our 
epidemic, in which search was made for 9 serotypes of E. coli as well as Shigella 
and Salmonella. 

Between November 1953, and March 1954, there occurred, on our two in- 
fants’ wards, an unusual incidence of diarrhea that progressed and spread re- 
gardless of the therapeutic use of various antibiotics and sulfonamides. The 
fact that the majority of the patients were infants, some newborn premature 
babies and some newborn full-term babies, and that repeated bacteriological 
study of rectal swab specimens failed to reveal the presence of Shigella or Sal- 
monella, led us to consider the possibility that we were encountering an epi- 
demic of diarrhea of the newborn, possibly due to one of the specific serotypes 
of E. coli previously found to be associated with diarrhea. The epidemic as- 
pect was emphasized by the fact that a few infants admitted for some condition 
other than diarrhea developed the same diarrheal disease a few days after ad- 
mission. Prior to the time of realization of the presence of an epidemic, rectal 
swabs were obtained for culture only from patients with diarrhea. Thereafter, 
rectal swabs were obtained from all infants on the two involved wards, regard- 
less of the presence or absence of diarrhea, and also from all attending personnel 
in order to detect inapparent cases and carriers. 


Methods 


Stool specimens were obtained by using rectal swabs that were placed im- 
mediately in test tubes containing 2.0 ml. of sterile glycerin preservative solu- 
tion.** These swabs were cultured on sorbitol agar* (Difco), MacConkey agar 
(Difco), and blood agar prepared with trypticase soy agar (BBL)f plus 5 per 
cent fresh defibrinated rabbit blood. In addition, the same swabs were cul- 
tured in the bacteriology laboratory of the Children’s Hospital for Shigella and 
Salmonella on SS agar (Difco), MacConkey agar (Difco), brilliant green agar 
(Difco), and in tetrathionate broth base (Difco) which, after incubation over- 
night, was subcultured onto the three media. 

The cultures studied in the bacteriology laboratory of the hospital failed, with 
few exceptions, to reveal the presence of any intestinal pathogens. The cul- 
tures studied in our research laboratory revealed, in acutely ill patients, a pre- 
dominance of a type of E. coli differing from the £. coli usually found, in that 
it failed to ferment sorbitol, was a weak producer of indole, and did produce 
colonies on sorbitol agar resembling colonies of E. coli O111:B4 and O55:B5, 
but was not agglutinated in antisera specific for these two types of pathogenic 
E. coli. As the patients convalesced, this unusual type of . coli gradually de- 
creased in numbers, and the normal coliform bacteria became predominant. 

It soon became evident that the sorbitol agar was much superior to blood agar 


* We are indebted to C. W. Christensen of the Difco Laboratories, Detroit, Mich. for supplying us generously 


with this medium. ‘ 
{ Baltimore Biological Laboratory, Baltimore, Md. 
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and MacConkey agar for recognition of colonies of this unusual Z. coli and, as 
the number of specimens increased, we began to rely entirely on the sorbitol 
agar for detection ofits colonies. This medium is prepared by the Difco 
Laboratories with some modifications of the formula of Rappaport and Henig,” 
who substituted D-sorbitol for lactose in MacConkey agar, thus taking advan- 
tage of the fact that E. coli 0111:B4 and 055: B5 ferment sorbitol late or not 
at all. Since the strain of E. coli we were finding also ferments sorbitol late 
(after 13-25 days) or not at all, this medium was ideal for our use. Strains of 
E. coli usually found in stool cultures produce red colonies on this medium after 
18 to 24 hours incubation at 37°C. while strains of E. coli 0111:B4, O55: B5, 
and 0127:B8 produce colorless colonies. Nonfermenting colonies on sorbitol 
agar were picked and inoculated into tubes of sorbitol iron agar,* making stab 
and surface inoculations. This medium was also prepared by the Difco Labora- 
tories following the earlier studies by Rappaport and Henig.*” After 18 to 24 
hours incubation at 37°C., the growth from sorbitol-nonfermenting colonies 
either failed to change the appearance of the sorbitol iron agar medium or pro- 
duced a slight decolorization in the butt of the tube, while sorbitol-fermenting 
colonies produced acid, or acid and gas, in the butt. Cultures that did not fer- 
ment sorbitol were then submitted to slide agglutination tests and inoculated 
into a variety of media for determination of their biochemical characteristics 
after incubation at 37°C. It is possible that colonies of other enteric species 
that do not ferment sorbitol rapidly may be picked. In our laboratory, a few 
colonies of sorbitol-nonfermenting microorganisms were subsequently identi- 
fied as Shigella, Salmonella, or Paracolon. 

Serological antigenic classification of the strains of £. coli isolated from our 
patients were made possible through the courtesy of W. H. Ewing.t Early in 
our study, the strains of £. coli that we were detecting and that did not ag- 
glutinate in antisera specific for E. coli 0111: B4 and 055: B5, were forwarded 
to Ewing for serological study. It was Ewing’s conclusion{ that our E. coli 
was a particular serotype with a new O antigenic group that most likely would 
be designated by F. Kauffmann as 0127. Kauffmann’s subsequent study con- 
firmed the earlier opinion of Ewing. Further studies by Ewing revealed that 
the B antigen was not identical with, or significantly related to, any described 
E. coli B antigen. This new B antigen was designated B8, thus the designation 
E. coli O127:B8. 

Diagnostic antisera. In the meantime, we prepared antiserum for this new 
serotype of £. coli by injecting rabbits*? with a suspension of the first strain 
isolated from a fatal case (C. H.). This antiserum had an agglutinin titer for 
the thermostable somatic O antigen of 12,800 and reacted with the thermo- 
labile envelope B antigen by slide agglutination at a dilution of 200. Homolo- 
gous types of E. coli isolated from 43 patients were agglutinated to the maxi- 
mum O titer, and B agglutination occurred immediately in dilution 1:10. 
Ewing subsequently confirmed the identification of these 43 strains as E. coli 
0127:B8. Strains of E. coli O111:B4 and 055:B5 and strains of E. coli 


. } . . . . . . 
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commonly found in stool cultures were not agglutinated by E. coli 0127:B8 
antiserum. 


Clinical Study 


The onset of diarrhea in some patients was sudden and severe, with toxemia 
and fever. In others the onset was gradual, with a few loose stools and illness 
of mild degree. In most patients, the diarrhea was intermittent, one or more 
days of normal stools followed by one or more days of diarrhea. Marked ab- 
dominal gaseous distention in some patients preceded the explosive onset of 
diarrhea. A pungent, musty, objectionable odor, not noticed around other 
patients with diarrhea, was present. Otherwise, the clinical picture presented 
by these infants resembled that of babies with diarrhea caused by Shigella or 
Salmonella. 

Rectal swabs from a total of 158 infant patients and 82 adult personnel ser- 
vicing the infant wards were cultured for Shigella, Salmonella, and specific sero- 
types of E. coli. E. coli 0127: B8 was isolated from 44 infant patients, one 
showing, in addition, the presence of E. coli 0111: B4, and another showing, in 
addition, the presence of Salmonella typhimurium. This new serotype of E. 
colt was also isolated from the rectal swab culture of one nurse who was in at- 
tendance on the infant wards and who had no history of recent diarrhea. Cul- 
tures from 13 other patients revealed the presence of Salmonella, Shigella, or E. 
colt 0111: B4, and were negative for E. coli 0127:B8. Thirty-five of the 44 
patients with rectal swab cultures positive for E. coli 0127:B8 were detected 
with the first culture, 6 with the second culture, and 3 with a fourth culture. 
Securing more than 4 cultures on any one patient did not increase the number 
of positive results. 

Age distribution. Forty-six per cent of the infants whose rectal swab cultures 
were positive for E. coli 0127:B8 and 33 per cent of those with negative cul- 
tures were in the first month of life. In the second to sixth months of age, the 
percentages of positive and negative cultures were comparable, 36 and 37 per 
cent respectively. 

Incidence of diarrhea. One hundred and thirteen of the 145 infants studied 
had diarrhea at one time or another during their hospitalization. Forty-three of 
the 44 patients whose rectal swabs were positive had diarrhea, 11 of these were 
admitted with diarrhea, and 32 developed diarrhea in the hospital. Seventy 
of the 101 patients with negative cultures had diarrhea, 37 were admitted with 
diarrhea, and 33 developed diarrhea after admission. Of the patients who 
developed diarrhea after admission to the hospital, 23 (72 per cent) of the 32 
patients with positive cultures and 28 (85 per cent) of the 33 patients with 
negative cultures developed the diarrhea during the first week. 

Thirty-one of the 43 patients with positive cultures and 31 of the 70 patients 
with negative cultures had an intermittent type of diarrhea, with an average 
duration of 22 days, 9 of the patients with positive cultures and 33 of the pa- 
tients with negative cultures had a continuous type of diarrhea. 

Chemotherapy. Our choice of neomycin for use in this outbreak was influ- 
enced by the recent report by Wheeler and Wainerman” of their success with 
neomycin in controlling and eradicating an epidemic of diarrhea among infants 
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due to E. coli 0111:B4. Over the four-month period of this study, the oral 
dosage of neomycin for patients with positive cultures was increased from an 
average daily dose of 29 to 55 mg./kg./day, and for the patients without posi- 
tive cultures the dosage was increased from 40 to 48 mg./kg./day. The daily 
dose of neomycin was divided into six equal doses and administered every four 
hours. Thirty-six of our 44 patients who had diarrhea and positive rectal swab 
cultures were treated with neomycin, and 43 of 70 patients who had diarrhea 
and negative rectal swab cultures were also treated with neomycin. With a 
continuing high incidence of diarrhea, neomycin, 40 to 50 mg./kg./day for 10 
days, was administered to all patients on the two infants’ wards, regardless of 
clinical condition. This was followed by a rapidly decreasing incidence of diar- 
rhea and decreasing detection of E. coli 0127:B8. No evidence of toxicity at- 
tributable to neomycin was observed. Although neomycin was of clinical value 
therapeutically, it was inadequte bacteriologically in the dosage used, since 12 
of 22 infants continued to show the presence of £. coli 0127: B8 after discon- 
tinuing neomycin. 

Mortality. There were 4 deaths among the 44 infants whose rectal swab 
cultures were positive for E. coli 0127:B8. Necropsy studies revealed intes- 
tinal pathology in 3 patients, which no doubt contributed to their deaths. In 
the fourth patient, a congenital heart condition was the most likely cause of 
death. The death of only one of the 10 patients in whom E. coli 0127: B8 was 
not found may have been related to a severe diarrhea. 

Sensitivity tests with six antibiotics and sodium sulfadiazine. Forty-two 
strains of E. coli 0127:B8 were tested by the test tube serial dilution method 
for their sensitivity to dihydrostreptomycin,* polymyxin B sulfate,* chloram- 
phenicol,* Terramycin,* neomycin sulfate,t and Achromycin.{ The medium 
used was Bacto Brain Heart Infusion, and the inoculum of bacteria per ml. was 
approximately 250. The tubes were incubated at 37°C. and, after 20 hours, 
tubes that failed to show visible growth were subcultured by transferring one 
loopful, 0.01 ml., to tubes containing 2.0 ml. of Bacto Brain Heart Infusion and 
incubating at 37°C. The data in FIGURE 1 and FIGURE 2 supply information 
regarding the concentrations of antibiotics showing complete inhibition of 
growth of the 42 strains at 20 hours, as well as information regarding the con- 
centrations that were bactericidal at that time. The antibiotics listed in the 
order of their decreasing effectiveness in inhibiting visible growth at 20 hours 
are as follows: polymyxin, Achromycin, chloramphenicol, Terramycin, and neo- 
mycin sulfate. The order of decreasing bactericidal effectiveness was: poly- 
myxin, neomycin sulfate, chloramphenicol, Achromycin, and Terramycin. 
These data indicate that polymyxin was the most effective, since smaller quan- 
tities inhibited visible growth of, and proved to be bactericidal for, a larger 
number of strains. Neomycin sulfate was second most effective as a bacteri- 
cidal agent. All strains of E. coli 0127:B8 were resistant to 100 yg./ml. of 
dihydrostreptomycin. 

Preliminary tests for sensitivity to sodium sulfadiazine, using the test tube 


* Kindly supplied by Gladys L. Hobby of Chas. Pfizer & Co., Inc., Brooklyn, N. Y. as a dia; ic ki 
{ Kindly supplied by Harold R. Reames of The Upjohn fet ene eaeiee, Me 
ourtesy of Lederle Laboratories Division, American Cyanamid Company, Pearl River, N. Y. 


Cooper e¢ al.: E. coli Infantile Diarrhea 8 


method, revealed that three strains of E. coli 0127: B8 were resistant to 2.0 mg. 
per ml. Using Bacto-Mueller-Hinton agar medium and Bacto sensitivity 
disks, 23 strains of E. coli 0127:B8 were found to be resistant to 250 yg. of 
sodium sulfadiazine, the maximum quantity tested. 
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Agglutination studies with sera from patients and personnel. Bacterial agglu- 
tination studies with a standardized suspension of E. coli 0127:B8 and serial 
dilutions of 57 sera from 24 patients and 16 personnel failed to show an agglu- 
tinin titer of 1:20 or higher. Twenty-two of these sera were then tested for 
antibody content by a hemagglutination test. A similar method has been used 
for the demonstration of antibodies against the tubercle bacilli by Middlebrook 
and Dubos;** Hemophilus influenzae type b by Warburton, Keogh, and Wil- 
liams;* streptococci by Kirby;*° Pasteurella pestis by Amies;*' E. colt O55: B5 
and O111:B4 by Neter, Bertram, and Arbesman,” and £. coli O55:B5 by 
Neter, Zalewski, and Ferguson.“ We used a purified polysaccharide antigen 
prepared from a strain of E. coli 0127: B8 according to the method of Webster, 
Sagin, Landy, and Johnson.“ Patients’ sera were first adsorbed with one- 
day-old chick red blood cells in order to remove any normal antibodies for 
chick cells. These cells were then discarded. The purified antigen was adsorbed 
onto other washed fresh one-day-old chick cells. These antigen-treated cells 
were added to twofold dilutions of patients’ sera in small depressions or cups in 
plastic trays, incubated at 37°C. for two hours and kept at 4°C. for 12 to 18 hours 
before reading. The results (TABLE 1) are expressed as the reciprocal of the 
dilution in which there was at least a two-plus agglutination. Itis observed that 
the range of the titers is from less than 4 to 1024, indicating that with a more 
sensitive type of agglutination technique it is possible to demonstrate antibody 
responses in some of these young infants. In addition, hemagglutinin titers, 
not shown in TABLE 1, were determined on two sera obtained from an infant 
and a nurse who had no recent history of diarrhea. Serum from the infant pa- 
tient (J. N.), two and one-half months of age, showed a titer of 1:8. Serum 
from a nurse (M. K.) in attendance on the infant wards during the epidemic, 
and whose rectal swab cultures were negative for E. coli 0127:B8, showed a 
hemagglutinin titer of 1:512. 


TABLE 1 


E. coxt 0127:B8 Hemacciurinin RESPONSE TO INFECTION WITH 
EF. cout O127:B8 
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Incidence of Enteropathogenic E. coli, Shigella, and Salmonella 
During a 19-Month Study 


Since the subsidence of our £. coli 0127:B8 epidemic in the Children’s Hos- 
pital in March 1954, we have made three changes in our bacteriological studies 
in relation to intestinal pathogens. First, in order to protect infants on our 
infants’ wards, we have required admission rectal swab cultures for Salmonella, 
Shigella, and nine serotypes of E. coli. Second, all rectal swab cultures for in- 
testinal pathogens include search for the nine serotypes of E. coli, in addition to 
Salmonella and Shigella. Third, a polyvalent £. coli antiserum prepared in our 
research laboratory is used for preliminary screening of colonies or swipes from 
growth on media in Petri dishes for B agglutination. This polyvalent anti- 
serum agglutinates each of nine serotypes of F. coli considered by Ewing to be 
associated with epidemic diarrhea of infants. These serotypes are: 026:B6, 
055:B5, 086:B7, 0111:B4, 0119:B14, 0125:B15, 0126: B16, 0127: B8, and 
0128:B12. If B agglutination occurs with the polyvalent antiserum, the cul- 
ture is tested for B agglutination with each of the nine Z. coli antisera. If B ag- 
glutination occurs with one of the nine antisera, an O antigen is prepared and 
its agglutinability determined. 

During this 19-month study, March 1, 1954 to October 1, 1955, rectal swabs 
from 2169 infants and young children were cultured. Salmonella were isolated 
from 66 patients, Shigella from 77 patients, and one of nine serotypes of E. coli 
associated with diarrhea of infants from each of 125 patients. The serotypes 
of Salmonella and the number of patients from whom each was isolated are pre- 
sented in TABLE 2, where it is seen that Salmonella orantenburg and Salmonella 
typhimurium were detected most frequently. Ninety-four per cent of these 
patients had diarrhea. 

TABLE 3 shows that Shigella sonnei was isolated more frequently than were 
members of the Shigella flexneri group. Diarrhea was present in 95 per cent of 
the patients from whose rectal swab cultures Shigella had been isolated. 

The serotypes of £. coli isolated from 125 infants are presented in TABLE 4, 
where it is observed that E. coli 055: B5 was isolated most frequently from 46 
infants, while E. coli 0127:B8 was isolated from only 10 infants in the 
19 months following subsidence of our epidemic. Diarrhea was present in 92 
per cent of the infants from whom one of the nine serotypes of E. coli had been 
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OUNRICT LECT DAA ROE He AG 10D OR Cee Oo ne CoCo See eo Ono Seen one nr Orr 10 patients 
PET ono DEN OEOL BURG OL 2 Aa ICE OC ECORI (arin roe 7 patients 
PEE on os SUAS Gn CB UIE DO DOD ERI DID e TEEO GOD To Lene Raeicrrc 6 patients 
OM 2GTT gis. ono dedcho OBER ESOS ST ODDO DCORD ite SOnC nemo tnt ane toner one 6 patients 
DS Meal ASTER SE CV ASL MMI wel Eis oisys'< ris << + eieine vie oe eh eset aos a cle viaiee sen aisle diese 5 patients 
SS SESEAEN AMMEN IEIN UT SRC. ciolecg vices one es sie olen cee nile cndaleitlewesnscvnones 3 patients 
i herImeroby pest mee ti iy aie ebicint 2 L921i Hl» vera «ole did d/o eye \clalaials (Wn siotainl «ain de dls 10 patients 
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TABLE 3 


SHIgeLLA SEROTYPES ISOLATED FROM 77 INFANTS AND YOUNG CHILDREN 
DuRING A Pertop or 19 Monrus—Marcu 1, 1954 ro OctroBER 1, 1955 


RY oli eo gs eon cen arng oy uicdMonenadarupmoacdemurst Ascot ol 4 patients 

Shigella Pleamert Dis cari ces at ele Oe me eee wae aaa ate laa ce ee 16 patients 

Shigella flesoners 3's 5h 2008: «2. cston he ese ate sie 2) act ee tee se eee 4 patients 

Shizela Penner y Ais arnos, dcerete cides eke) veh neces ieee et tie ares 3 patients 

Shigella: fleamers Si. ose sgc.co eee ee wer as cele t,) aan enter eer 2 patients 

RY ho RT 1 eee ER ee Sn Ie AAAS BABAR ARG Rhor Hu co0.4aciw c 48 patients 
TABLE 4 


ESCHERICHIA COLI SEROTYPES* ISOLATED FROM 125 INFANTS BETWEEN 
Marcu 1, 1954, anp OcroBER 1, 1955 


J MO hos iprecina rae oe Gee bette ciaee CeNonyatiin.e somo ho So otiomis Gost bt 46 patients 
ES cold O263 BG sissa hecho Bae ae are a oe ete Re Eee 17 patients 
Ecole O11 3 B4.. ath faces (4 scitoe ote sien oc nye eels heard ne a mteieboine ohakie ee eee era 15 patients 
HOT LO) 6 OR ot CES See i COO CSO CInRROe aT cine OG nice to.96 v0 nome 11 patients 
FE XCol OI2DT BSS o ccsdn welsterestloien Soe es aie sic le sep eetoe ornare eit eon eee eee 10 patients 
EES COU OL 26S BUG 58 ps Heitee ce soncec te Me tarot Beare Sos comet REN ole ere oe Ree ere epee 10 patients 
Be CO. OVDS BAS. | cttecceid xen Goals Sous Hee oie hes « haere Bon aaa cee eee ee 9 patients 
Colt OL 283 B12 resco: ain sa oo sin stent pai slataleraaress eiakdl ea wed oiatens os ueaa th tee a eee 4 patients 
STEM Oh ob oY ics aS HOR AO CHET el ree a Fie oO! Mati a pence Tacs ote 3 patients 


* Nine serotypes associated with diarrhea of infants. 


isolated. Neomycin was administered orally in a dosage of 150 mg./kg./day 
for two days, followed by a dosage of 100 mg./kg./day for the following eight 
days. In these dosages, neomycin was of value not only therapeutically but 
also bacteriologically. There were only three deaths among the 125 patients, 
and E. coli 055: B5 had been isolated from each before death. Also, only three 
convalescent carriers were detected with rectal swab cultures on 44 patients 
after discontinuing neomycin therapy. 


Summary 


During an outbreak of epidemic diarrhea in the Children’s Hospital, Cincin- 
nati, Ohio, a new serotype of Escherichia coli: E. coli 0127:B8, was isolated 
from 44 of 145 infants and from 1 nurse among 82 adult personnel in attendance. 

Severe epidemic diarrhea associated with the presence of E. coli 0127: B8 was 
characterized by the sudden development of extreme abdominal distention 
among some of the infants; explosive onset of diarrhea, and the presence of a 
pungent, musty, objectionable odor not noticed around other patients with 
diarrhea. 

E. coli 0127: B8 was isolated more frequently while the patients were having 
diarrhea. 

Neomycin was used orally for the specific treatment of patients with diarrhea. 
The average dose was 40 mg./kg./day for the patients with positive cultures 
and 46 mg./kg./day for those with negative cultures. 

Neomycin was of clinical value therapeutically but was inadequate bacteri- 
ologically in the dosage used, since 12 of 22 patients continued to show the pres- 
ence of E. coli 0127:B8 after discontinuing neomycin. 
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The administration of neomycin, 40 to 50 mg./kg./day, to every infant on 
the two wards, regardless of their clinical condition, was followed by a decreas- 
ing incidence of diarrhea and decreasing detection of E. coli 0127:B8. 

Four deaths occurred among the 44 infants whose rectal swab cultures were 
positive for £. coli 0127:B8. Necropsy studies revealed hemorrhagic enteritis 
in 3 infants and a congenital heart condition in the fourth infant. Death of 
only 1 of the 10 fatal cases from whom E. coli 0127:B8 had not been isolated 
may very likely be attributed to severe diarrhea. 

Sera from patients and personnel failed to show the presence of bacterial ag- 
glutinins for E. coli 0127:B8. Hemagglutination studies, however, revealed a 
range of titers from less than 4 to 1024. 

In vitro sensitivity tests showed that the order of decreasing bactericidal ef- 
fectiveness of five antibiotics for E. coli 0127:B8 was polymyxin, neomycin, 
chloramphenicol, Achromycin, and Terramycin. All strains were resistant to 
dihydrostreptomycin and sodium sulfadiazine. 

During the 19 months since the subsidence of our epidemic of diarrhea in 
which #. coli 0127:B8 was detected, rectal swabs have been obtained from 
2169 infants and young children. Cultures of these swabs resulted in the iso- 
lation of Salmonella from 66 patients, Shigella from 77 patients, and 1 of 9 sero- 
types of £. coli associated with diarrhea of infants from each of 125 patients. 

Neomycin, administered orally to patients whose rectal swab cultures were 
positive for 1 of the 9 serotypes of £. coli, was of value therapeutically and bac- 
teriologically. 
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INFANTILE DIARRHEA DUE TO ESCHERICHIA COLI* 


By Cyril S. Stulberg 


The Child Research Center of Michigan; The Children’s Hospital of Michigan; and the 
Department of Pediatrics, Wayne University College of Medicine 


and 


Wolf W. Zuelzer 


The Child Research Center of Michigan; The Children’s Hospital of Michigan; and the 
Department of Pediatrics, Wayne University College of Medicine, Detroit, Mich. 


The significance of certain serotypes of Escherichia coli as etiologic agents in 
infantile diarrhea has come principally from studies of epidemics and experi- 
mental infections in adult human volunteers. The pioneering investigations 
of the British and the equally outstanding contributions of Neter, of Ferguson, 
and of Wheeler in this country set the stage for the developments that firmly 
established £. coli as a cause of epidemic diarrhea in infants. 

In Detroit, Mich., we have had an opportunity to study two outbreaks that 
have provided us with unusual information and enabled us to investigate new 
aspects of epidemic diarrhea of the newborn. This report will be divided into 
three parts: first, a review of the epidemiology and bacteriology of the epi- 
demics'»? that provides ample evidence for the causative agents; second, an 
examination of the immunology of the premature infants involved in one of the 
epidemics* and comparative observations on a number of older infants; and, 
third, observations on the incidence of recognized serotypes among a large group 
of sporadic cases. 


Part 1 


In two extensive institutional epidemics of diarrhea among premature in- 
fants, the causative agents were shown to be E. coli 0111:B4 and 0127:B8, 
respectively.!»? The etiologic role of these microorganisms was evident from 
their presence in virtually pure culture during the disease and by the almost 
simultaneous disappearance of both symptoms and organisms under effective 
antibiotic therapy. In both epidemics it was observed that after therapy was 
discontinued the infants almost invariably excreted the pathogens again, often 
in pure culture, and often in the absence of renewed diarrheal symptoms. In 
the second epidemic (FIGURE 1), these asymptomatic carriers were responsible 
for four connected epidemic waves in the nursery. Although, during most of 
the epidemic, the etiologic agent was not known, stool specimens and cultures 
were systematically saved from each infant until the identity of the causative 
organism could be established as E. coli 0127:B8. A retroactive study of the 
epidemic by serotyping then revealed the bacteriologic basis for its cyclic pat- 
tern. Each outbreak was preceded by the reappearance of large numbers of 


* These investigations were supported in part by a research i i i i 

s v D grant (E859) from the National Microbiological 

a aaah National Institutes of Health, Public Health Service erie of Health, Education and Welfare, 
et — Md., and in part by a research grant from the M. & R. Laboratories, Columbus, Ohio. 

i e authors acknowledge the collaboration of A. C. Nolke and A. L. Thompson, who provided clinical data 

included in this paper, and the excellent technical assistance of R. H. Page. 


90 


fo [DUNO L UDIAIWY AY JO UOISsTUIad Aq paonpoiday -juoUT 


“uadpyiy fo sasvasiq: 
I wor} PUL IASIP [VOYIIVIP OF UOTFRIAI UT Yq 2/710 1709 “Y IO} BATeFIU pur aAqjIsod sornq]Nd 1009s Jo souaplout ‘gq ‘oTWap 
“Ido a4} Jo asinod ay} uO Advrdy DTVOIqIWUL Jo Jaye oy} pue vayIIeIP Jo aouapIoUT Ayrep ‘vy *Arasinu amnyeuread & ul vayserp Jo STwapide ue 0} Sq:/Z10 109 “| JouonYpY “| Aor, 


reine LOO Tae a eee PaaS te ee LL Ve eee EA Tice EES] FITTS Pes 
of ford ley oO 1 
2 = . Dis ‘ 4 * a is 
(}2Zz1-O 403 sayoban [J 
88:221-0 1109 3 i 
‘SaYuNLINO 


EE 
= 
ot ES 
q 
S 


4 


dO Y3aWNN 


ex] 


(a) lec 


° 
nm 


NIOAWOBN. 
vaHuuvid Fo) AN I\ 


WAY 


SLNVANI 


i] ! 

i \ ' : 
Heke p—— 
<——_———A 3SVHd ———_—_> <a! 


+ 


91 


92 Annals New York Academy of Sciences 


E. coli 0127:B8 in the stools of the convalescent infants. Each wave subsided 
when neomycin was administered to the sick infants, only to result in a resur- 
gence of the pathogenic organisms in the stools as soon as the antibiotic was 
discontinued. Control of the epidemic was achieved only when all the infants 
in the unit, whether they had diarrhea or not, were simultaneously placed on 
neomycin therapy and continuously treated until the daily bacteriologic ex- 
amination of the stools revealed that the pathogens had been eliminated from 
the nursery. 


Pari 2 


It was of immediate interest to learn whether the infants involved in the E. 
coli 0127 epidemic developed an immunologic response to their infections. The 
evanescent character of the antibody response in newborn and young infants, 
in whom diarrhea due to enteropathogenic E. coli occurs almost exclusively, 
has been ascribed to the inadequacy of conventional bacterial agglutination 
techniques to detect circulating antibodies in this age group. Consequently, 
a hemagglutination test was developed for the recognition and assay of anti- 
bodies against enteropathogenic strains of E. coli which was used to study the 
antibody response of these infants. The hemagglutination procedure, based 
on techniques developed by Neter et al.4 and by Wheeler® and his associates, 
involved the exposure of trypsinized human erythrocytes to filtrates of tryp- 
tose phosphate broth cultures of enteropathogenic Z£. coli strains and resulted 
in adsorption of bacterial antigenic material on the red cells within four min- 
utes. Hemagglutination occurred as a result of exposure of the sensitized cells 
to specific antisera.* After this test had proved satisfactory with experi- 
mental rabbit antisera, the sensitivity of the hemagglutination test and the 
specificity of hemagglutinating antibody in human sera was established in 
two adult volunteers who were fed large numbers of £. coli 0127:B8.3»® Fol- 
lowing ingestion of the organisms and after a brief but severe diarrhea, these 
volunteers developed both hemagglutinating and bacterial-agglutinating anti- 
bodies. The hemagglutinins not only appeared earlier and were of higher titer 
than the bacterial agglutinins, but both individuals also manifested low pre- 
feeding hemagglutinin titers in the absence of demonstrable bacterial aggluti- 
nins. Cross-absorption tests with a heterologous enteropathogenic strain (E. 
colt 0111:B4) revealed that both the prefeeding and postfeeding hemagglu- 
tinins were specific. 

The presence of traces of specific hemagglutinating antibody in the volun- 
teers before ingestion of E. coli 0127:B8 suggested that such antibody may be 
commonly found in normal adults and consequently might be passively trans- 
ferred from mother to fetus. That this was the case was determined from the 
study of the sera of a number of healthy newborn infants and their mothers.® 
Of ten mothers, seven had hemagglutinins for E. coli 0127-sensitized erythro- 
cytes, while in the cord blood of only two of their infants (from mothers with 
highest titers) was antibody detectable, and this eventually disappeared. Ad- 
ditional information on the passive transfer of antibody to E. coli 0127:B8 was 
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obtained from the study of cord sera of 45 normal infants, 27 per cent of whom 
had hemagglutinating antibodies ranging in titer from 1:10 to 1:80. 

With these observations in mind, a more adequate interpretation could be 
made of the presence of hemagglutinating antibodies in infants involved in the 
E. coli 0127:B8 epidemic mentioned above.’ It is important to remember 
that these patients were premature infants and that somewhat different anti- 
body patterns might be found in full-term newborn or older infants. Of 40 
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Ficure 3. Decline in transplacental antibody titers in premature infants in an epidemic of diarrhea caused 
by £. coli 0127:B8. Arrow denotes the onset of disease in each individual. Reproduced by permission of The 
Journal of Immunology. 


infants from whom adequate blood specimens could be obtained, 13 manifested 
a rise in antibody titer (FIGURE 2). Approximately half of the 13 had some 
antibody before or at the onset of disease which, because of the ages of the in- 
fants, was presumed to be of maternal origin. Of the remaining 27 infants, 11 
showed a decrease in transplacental antibody with no increase in the titer fol- 
lowing infection (FIGURE 3); 13 infants did not have detectable antibody at any 
time; and 3 infants had ambiguous antibody patterns. 

It is of interest to examine the bacteriologic, clinical, and thereapeutic find- 
ings on a few of these infants with respect to their antibody patterns. FicurE 4 
diagrammatically illustrates 4 patients who exemplify the 40 on whom im- 
munologic studies have been previously reported. 

In the first patient, the pathogen was observed in the stools in practically 
pure culture at the onset of and during the disease. When neomycin was ad- 
ministered, the stools became sterile and diarrhea ceased. After the antibiotic 
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was discontinued, the infant again excreted E. coli 0127, but the prompt read- 
ministration of neomycin again eliminated the pathogen. A third bacteriologic 
relapse occurred, however, when treatment was again discontinued and large 
numbers of E. coli 0127 appeared in the absence of renewed clinical symptoms. 
The hemagglutinin titer of this infant was 1:20 at the onset of disease and, by 
the time he was discharged 37 days later, the antibody titer had increased to 
1:80. The second infant had a somewhat similar clinical course although, 
after therapy was stopped, the reappearance of pathogens was limited to 
a shorter period. In this patient a trace of antibody was observed at the onset 
of diarrhea but no antibody could be detected when he was discharged 36 days 
later. 

The next two infants exhibited both bacteriologic and clinical relapses; one 
in spite of an antibody rise, the other in the absence of detectable antibody. 

These examples not only illustrate the bacteriologic and clinical patterns 
characteristic of infantile diarrhea due to E. coli but indicate that the presence 
of small amounts of antibody, whether maternal or not, established no protec- 
tion against the clinical disease in very young infants. 

From these data it is difficult to ascribe the variation in antibody response to 
any one factor. The nature of the antigenic stimulus, individual variations in 
ability to produce the antibody (especially in this age group), and the possi- 
bility that antibiotic therapy reduced the antigenic stimulus, all may have been 
influential. : 

It is interesting to compare the antibody patterns of the premature infants in 
the epidemic to those of older infants who had been infected with enteropatho- 
genic £. coli and had developed diarrhea. ‘The latter, illustrated in TABLE 1, 
represent preliminary immunologic studies on infants under one year of age 
admitted to the Children’s Hospital of Michigan for treatment. ‘The selection 
of these particular patients for this presentation was based on several considera- 
tions; namely, that more than one blood specimen was available, that the sero- 
types isolated from the stools (Z. coli 0111:B4 and O127:B8) are accepted 
causative agents of infantile diarrhea, and that the bacteriologic, clinical, and 
therapeutic findings in the individual infants conformed to patterns established 
in epidemic studies. The data shown in TABLE 1 indicate a variability in anti- 
body response similar to that observed in the premature infants involved in the 
epidemic. Of the 14 infants listed in TABLE 1, 6 showed an antibody rise to the 
infecting strain which was made evident by a 4- to 8-fold difference between the 
acute and convalescent hemagglutinin titers. In addition, 4 had high initial 
titers, whereas their convalescent titers remained approximately the same. Of 
the remaining 4 patients, who either exhibited no antibody or low titers, 2 were 
treated with neomycin within 24 hours after the onset of diarrhea and contin- 
uously thereafter, so that after one positive stool culture, all subsequent cul- 
tures (performed daily) were negative. Hence, it is conceivable that their 
antigenic stimulus was cut short. On the whole, there appeared to be no cor- 
relation between the ages of these infants and their ability to develop antibody. 

Wherever possible, serum specimens from these infants were also 
tested against three heterologous enteropathogenic E. coli antigens, as seen in 
TABLE 1. With few exceptions, the hemagglutinin titers were generally low 
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TABLE 1 


ANTIBODY PATTERNS OF SPORADIC CASES OF INFANTILE 
DIARRHEA DUE TO ENTEROPATHOGENIC FE. cozr 


: ; Ae: ge atenval is Hemagglutinin titers* against 
Patient Serotypes in stools (months) and serum 

specimen (days)| 0127 O111 O55 026 

1 0127 3 6 20 40 0 0 
14 20 20 = = 

20 80 40 ae = 

z, 0127 1146 1 40 320 0 0 
10 160 160 0 0 

3 0127 2 34 80 10 ae oe 
44 160 0 0 0 

4 0127 3 5 40 40 == — 
13 20 10 = == 

5 0127 6 1 0 0 = = 
df 20 0 0 0 

28 0 0 0 0 

6 0127 3 2 0 10 80 10 
16 0 10 10 0 

7 0127 9 3 10 0 20 20 
14 0 0 20 — 

8 O111 a 21 40 20 10 10 
35 40 160 0 10 

9 O1i1 3 16 10 20 10 20 
23 20 160 10 0 

10 O1i1 () 5 80 20 = = 
16 40 80 20 20 

11 O111 1144 4 10 160 0 40 
16 20 80 0 40 

12 O111 6 4 40 160 0 10 
13 10 160 0 10 

13 O111 3 14 0 80 0 10 
22, 0 40 0 10 


* Reciprocal of the dilution. 


and there was no pattern of antibody response. Indeed, the presence of anti- 
body to heterologous antigens in this age group corresponded to the observa- 
tions of Neter and his co-workers’ who, in a random sample, have demonstrated 
that with age there is a progressively increasing percentage of sera containing 
E. coli hemagglutinins in relatively low titer. 

These data invite some speculation on differences in the manifestation of the 
infection in infants and in adults. The fact that adults have little or no pro- 
tective antibody*: ** and yet appear to be normally resistant to E. coli diar- 
rhea would lead one to suspect that resistance is due primarily to factors other 
than humoral antibodies. One such factor may be that the ecology of the adult 
intestinal flora normally prevents an enteropathogenic EF. coli from becoming 
dominant. ‘This notion would concur with the observation that if the normal 
ecology of the gut is upset by massive feeding of the pathogen, diarrhea en- 
sues.*»8 The diarrhea could conceivably be due to a concentration of otherwise 
mild endotoxin, liberated from the excessive numbers of organisms ingested. 
Under such circumstances, the adult rapidly produces antibody which reaches 
protective levels,*» ® and a second line of defense, so to speak, becomes mani- 
fest. The ecology of the infant’s intestinal flora, on the other hand, may be 
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such that, in the natural infection, the pathogen becomes the predominant if 
not the sole coliform organism. Diarrhea follows, and the inadequate im- 
munologic response of the infant results in the characteristic clinical picture of 
long periods of diarrhea and frequent relapses. In other words, the infant 
would appear to have a poorly developed first and second line of defense. 


Part 3 


A consideration of endemic diarrhea in the general infant population is lim- 
ited to the picture reflected by those cases admitted to the hospital for treat- 
ment. The problem is different from that of institutional epidemics where 
one is dealing with a single causative agent; the patients exhibit similar pat- 
terns, cross-infections can be followed, and the effect of therapy can be followed 
not only on individuals but on the epidemic as a whole. Conversely, in spo- 
radic cases there may be a number of different causative agents resulting in 
various clinical patterns, and preliminary and follow-up information may be 
difficult to obtain. Over a nine-month period, data were collected on all infants 
admitted to the Children’s Hospital of Michigan for treatment of acute diarrheal 
disease. Stool cultures were obtained on admission and daily thereafter. Rec- 
tal swabs were plated directly on blood agar for identification of eight entero- 
pathogenic E. coli serotypes, on MacConkey’s, on SS, and on tetrathionate 
media for preliminary isolation of enteric pathogens of the Salmonella and Shi- 
gella groups. In TABLE 2, 460 patients are Separated into three principal groups: 
those that were associated with enteropathogenic £. coli, those from whom 
Salmonella and Shigella were isolated, and those where the etiology is as yet 
unknown. 

Recognized serotypes of E£. coli were isolated from 106 cases. Extensive 
studies of 0127, 0111, and O55 epidemics have established these pathogens 
as causative agents of diarrhea, and it is apparent that well over half of the pa- 


TABLE 2 
CLASSIFICATION OF SPORADIC CASES OF INFANTILE DIARRHEA 
ADMITTED TO THE CHILDREN’S HospiraL OF MICHIGAN 
OcroBer 1, 1954, to June 1, 1955 


Categories nrotal | 026 | O55 | O86 | O11 | O119 | O125 | O126 | O127 
Associated with enteropatho- | 106 3} 9 1 7 4 4 25 53} 


genic £. coli 


E. Coli present but not belong- | 287 | Possible etiology: 


ing to 8 serotypes Unknown E. coli enteropathogen? 
5 Other unknown bacterial enteric pathogens? 

Undetermined 52 Missed enteric pathogens? 
Parenteral diarrheas? 
Feeding problem? 
Allergies? 
Viruses? 

Salmonella 10 

Shigella 4 


SSS ng 
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tients in this group can be attributed to these three serotypes. The other sero- 
types were found in patients with similar clinical, bacteriologic, and therapeutic 
patterns, which would lead one to conclude that they, also, are causative agents. 

Salmonella and Shigella organisms were isolated from only 14 patients, a fig- 
ure that may not give the true incidence since a majority of patients had had 
chemotherapy effective against these agents before admission to the hospital. 

At this time the causes of diarrhea in the remaining 339 cases are obscure. Of 
these, 287 had E. coli in their stools as the predominant organism but not of the 
recognized serotypes. It may be significant that these organisms almost in- 
variably agglutinated in acriflavine, whereas the eight recognized serotypes did 
not. This phenomenon is discussed by Wheeler elsewhere in this monograph. 
Whether any of the etiologic possibilities listed in TABLE 2 are responsible for 
the diarrheas grouped in this category remains to be determined. ; 


Summary 


Infantile diarrhea due to enteropathogenic E. coli has been discussed from the 
standpoint of our experience with epidemic and sporadic cases. The epidemi- 
ology, bacteriology, and clinical aspects of the epidemics provided ample evi- 
dence of the etiologic agents E. coli 0111:B4 and 0127:B8. The role of the 
asymptomatic carriers in relation to the propagation of institutional epidemics 
was discussed. The occurrence of an antibody response in the infants involved 
in one of the epidemics and in sporadic cases added to the etiologic significance 
of these microorganisms. By means of a hemagglutination test it was shown 
that passive antibody against enteropathogenic serotypes may exist in the nor- 
mal newborn, and that a variable antibody response took place in the infants as 
a result of the infection with these organisms. 

During a survey of a large number of sporadic cases it was found that 23 per 
cent were due to enteropathogenic E. coli, while the etiologies of the remainder 
are yet to be established. 
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Washington, D. C 


Introduction 


The mechanisms of pathogenesis of many disease-producing microorganisms 
remain as yet incompletely understood. This is the case with enteropathogenic 
Escherichia coli. Although colon bacilli had long been recognized as possessing 
a conditional pathogenicity, it was not until the observations of Kauffmann,! 
Knipschildt,? Ewertsen,’ Vahlne,* and Sjostedt® that certain serological types 
were recognized as possessing a particular pathogenicity for man and animals. 
With the recognition of the etiologic role of enteropathogenic £. coli serotypes 
in diarrhea of the newborn, it appeared desirable to investigate this pathogenic 
action on the part of coliform bacilli that were culturally indistinguishable from 
the benign flora found in the healthy infant. 

A distinctive aspect of neonatal diarrhea due to enteropathogenic £. coli is 
the extreme toxic state that frequently develops, with acute cases displaying 
recurrent episodes of a shocklike syndrome. Furthermore, in seriously ill in- 
fants and in fatal cases, a hemorrhagic diathesis has often been noted. The 
toxic attributes of E. coli have been referred to the production of a distinctive 
component designated variously as “somatic antigen,” “endotoxin,” “‘pyrogen,”’ 
and “tumor hemorrhagic agent.”® Kauffmann,’ however, noted that greater 
toxicity of E. coli for mice is observed when thermolabile L antigens are present 
than is the case with strains lacking this component. Sjostedt and Vahlne also 
showed that the toxicity of E. coli is much enhanced by the presence of K anti- 
gen. Hence it is possible that the toxicity of these strains is due to factors in 
addition to the endotoxin. The assessment of pathogenicity is hampered in 
the case of E. coli strains by the fact that true infections cannot be established 
in small laboratory animals. The toxicity of enteropathogenic £. coli strains 
and factors contributing to hemorrhagic reactions with these organisms have 
been studied in our laboratory and are the subject of this report. Since the 
small group of reasonably well-established enteropathogenic serotypes is part 
of a large, culturally homogeneous bacterial species subdivided into over 130 
groups on the basis of serologic distinctions, and since the great majority of 
these serotypes show no evidence of pathogenic potentialities, the study has 
been based on comparison between enteropathogenic serotypes and E. coli 
organisms not serologically related to the pathogenic forms. 


Observations 


Toxicity of enteropathogenic Escherichia coli. Mice, although moderately 
resistant to the toxic action of E. coli, have been extensively used to study the 
relative toxicity of different strains. Sjostedt® demonstrated the existence of 
marked differences in mouse toxicity among various serotypes of EZ. coli. In 
view of such findings, a comparison of toxicity for mice was made between en- 
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TABLE 1 


ComPaRATIVE Mouse L.D.59 FoR HscHeRIcHIA cot Typrs 0111, 0127, 055, 
086, 026, AND 0126, AND FOR NONPATHOGENIC TYPES OF E. COLT 


Type Tas Range of L.D.50 Mean value of L.D.s0 
O1i1 15 1 X 107 to 1.2 X 108 ee) p< vy 
0127 5 3.5 X 107 to 2.1 XK 108 6.2 xX 107 
O55 5 2.5 X 107 to 9.1 XK 107 Ch apse aly 
O86 2 3.8 X 107 to 5.1 X 107 4.5 X 10’ 
026 3 2X, 10410 7.6 56 107 4.7 X10" 
0126 2 4.6 X 107 to 2.0 X 108 1.28 X 108 
Nonpathogenic strains 15 3.5 X 107 to 4.7 X 108 9.1 X 107 


Inoculum: 1.0 ml. of a 5-hour broth culture injected intraperitoneally. 
Numbers tested: 6 to 10 animals per dilution. 


teropathogenic types and nonpathogenic strains of E. coli. The presence of K 
antigens is apparently associated with increased virulence or toxicity of these 
strains’ and, to ensure optimal production of these substances, the cultures were 
passed three to five times on thick glucose agar plates containing 0.1 per cent 
glucose. Subcultures of the final passage on carbohydrate agar were inoculated 
into trypticase soy broth. Five-hour cultures were used as inocula for mice. 
Injections of serial dilutions of culture were made in 1 ml. amounts intraperi- 
toneally in 14 to 16 gm. mice of the O’Grady strain. Six to 10 mice per dilution 
were injected, and deaths were recorded over a 72-hour period. The results of 
injecting 32 enteropathogenic strains, including types 0111:B4, 0127:B8, 
055:B5, 086:B7, 026:B6, and 0126:B16, together with 15 nonpathogenic 
E. coli strains, are summarized in TABLE 1. The nonpathogenic strains mainly 
included organisms recently isolated from normal infants. The results of tox- 
icity tests are presented in terms of the L.D.59. The range of this toxicity value 
extended from 1 X 10’ cells for the most toxic strain of 0111, to 2.0 10° for 
the least toxic 0126 strains. Among nonpathogenic strains the range in L.D.50 
extended from 3.5 X 10’ to 4.7 X 108. Ina limited series of tests, the entero- 
pathogenic strains appeared to be significantly more toxic for mice than were 
nonpathogenic strains, but the gradation of results for organisms of the two 
groups was too uniform to indicate a significant degree of difference in toxicity 
between the two groups. This fact is shown more clearly in the column of com- 
pilation of mean values of L.D.5o for all strains. The virulence levels observed 
were approximately 1 logarithm higher than comparable values reported by 
Sjostedt for certain EZ. coli strains recovered from such pathological processes 
as appendicitis, peritonitis, and cystitis. 

Different routes of inoculation were reviewed in an attempt to uncover a 
more precise means of assessing toxicity. Ten groups of mice were inoculated 
intracerebrally, using suspensions identical with those described above. It was 
found that differences in virulence could be recognized in this manner, but sur- 
vivors were distributed over a wider dosage range than was the case with ani- 
mals receiving the intraperitoneal injections. Intravenous inoculations, both 
with young living cells and with sterile filtrates of cultures, were similarly tried, 
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but results were less satisfactory than they were with the intraperitoneal inocu- 
lations. Broth filtrates from one- to six-day-old cultures were too low in mouse 
toxicity to offer a useful technique in titration. 

The toxicity tests in mice, under the conditions employed, failed to demon- 
strate a significant degree of difference between enteropathogenic strains and 
other serotypes of E. coli. A limited series of observations on the toxicity of 
young cultures for immature rabbits indicated that significant differences may 
be shown between E. coli 0111 strains and nonpathogenic serotypes when cul- 
tures were injected in this animal intravenously. Such assessment of virulence 
or toxicity, however, involved a prohibitive cost and, in a search for other ap- 
proaches to this problem, the action of coliform organisms on tissue cultures 
was observed. Small numbers of bacteria from young broth cultures were 
planted in tubes of HeLa cell cultures that had been washed free of antibiotic. 
The enteropathogenic E. coli, particularly EZ. coli 0111, were found to be lethal 
to an extent that made it possible to calculate, on a most-probable-number 
basis, that an organism would proliferate to destroy the culture within 18 hours. 
In certain experiments, nonpathogenic strains were found to be far less lethal, 
so that in some instances 1000 or more organisms were tolerated by tissue cul- 
tures. In a limited number of cases the bacterial cells actually were killed by 
contact with the tissue culture. This result was not consistently reproducible, 
and apparently variations in the tissue culture may affect the survival of bac- 
terial cells in this environment. In no instance, however, did small inocula of 
enteropathogenic strains of Z. coli fail to proliferate in tissue cultures, in con- 
trast to the behavior of some nonpathogenic types. The possibility of assessing 
pathogenicity of E. coli strains in terms of their lethal action for tissue cultures 
merits further exploration. 

Local tissue reactivity and enteropathogenic Escherichia coli. The pathological 
manifestations of fatal infections with enteropathogenic £. coli in infants in- 
clude a marked hemorrhagic diathesis. In one epidemic outbreak studied in 
this laboratory,® the mortality rate among newborn infants was 40 per cent. 
In severely ill cases that survived, the major symptom was a profuse dehydrat- 
ing watery diarrhea that frequently induced a state of shock. Fatal cases ex- 
hibited severe shock and bleeding from the intestine with, in three cases, co- 
alescing skin petechiae. At autopsy, diffuse congestion and edema of the mu- 
cosa of the gastrointestinal tract was a conspicuous finding, with small areas of 
hemorrhage and ulceration in the small and large intestines. Grossly visible 
petechial hemorrhages were present in the kidneys, lungs, adrenals, and, in two 
instances, in the brain. In each case, microscopic examination revealed his- 
tologic evidence of diffuse intravascular clotting, with fibrin and cellular throm- 
boses in capillaries of lung, liver, spleen, and adrenals. Perivascular infiltration 
with polymorphonuclear leukocytes was present. Fibrin thrombi were found 
occluding the lumen of the capillaries in the renal glomeruli. These lesions 
were morphologically identical to those seen in the kidneys of rabbits in which 
a generalized Shwartzman reaction had been elicited. This resemblance and 
further consideration of the areas of hemorrhagic necrosis of the mucosa of the 
small bowel and colon in fatal cases led to the thought that these lesions might 
represent localized reactions of the Shwartzman type, associated with the path- 
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ogenesis of diarrhea due to enteropathogenic £. coli types. This relationship 
was investigated by a study of the Shwartzman reaction in connection with 
enteropathogenic £. coli. 

Organisms of the genus Escherichia have long been known to produce potent 
tissue-sensitizing substances that can stimulate the phenomenon of local tissue 
reactivity.’ The relative capacity of epidemic enteropathogenic strains and 
of nonpathogenic strains to induce the Shwartzman reaction, however, appar- 
ently has not been recorded. 

Reacting fluids were prepared, consisting chiefly of filtrates of trypticase soy- 
broth cultures of varying ages. As was the case with toxicity studies, the K- 
antigen content of cultures was maintained by serial passage on glucose agar 
plates. Surface antigens in recently isolated 0111 strains (this group received 
major consideration) were conspicuous, but these components diminished quan- 
titatively when cultures were maintained on carbohydrate-free agar. Broth- 
culture filtrates were prepared from cultures incubated from 1 to 7 days 
at 37° C., with intermittent shaking, and were sterilized by Selas filtration. 
Filtrates were stored at 5° C. or at —20° C. Active preparations were readily 
obtained from 24-hour cultures, but 6-day culture filtrates were more potent 
and were the principal source of test material. Whole-cell extracts were also 
prepared by trichloracetic acid extraction, following the method of Boivin,!® 
and by treatment of whole cells with 0.05N NaOH at 100° C. for 1 hour. 

Initial studies were made by inducing systemic reactions using 2 injections, 
at 24 hour intervals, of 0.5 ml. of £. coli 0111: B4 filtrate. Six of 10 rabbits so 
treated showed positive hemorrhagic reactions in kidney, lung, thymus, and 
myocardium 24 hours after the evoking injection. Antigens from nonpatho- 
genic E. coli strains were, under these conditions, inactive. Since it was evi- 
dent that the number of tests required to obtain significant results by comparing 
several antigens would be large and the systemic-reaction technique permit- 
ted only one comparison per animal, subsequent comparative studies em- 
ployed cutaneous reactions. 

A total of 36 strains of enteropathogenic types, including 0111, O55, 026, 
086, 0127, and 0126, and 15 nonpathogenic strains, were used to prepare cul- 
ture filtrates for comparison of capacity to sensitize for and to evoke the cuta- 
neous Shwartzman reaction. The sensitizing dose consisted of 0.1 ml. of fil- 
trate injected intradermally into the depilated abdominal skin of a rabbit. 
Male albino rabbits weighing from 2000 to 2500 gm. were used. Evocative 
doses consisted of 0.2 to 0.25 ml. of filtrate injected intravenously 20 hours after 
the sensitizing dose. Reactions were read at 18, 24, and 40 hours. Control 
tests of filtrates showed that in no instances were single injections capable of 
producing hemorrhagic reactions. Positive reactions included all degrees of 
intracutaneous hemorrhage, with or without necrosis, appearing within 24 hours 
after the evoking injection. Erythema, edema, or blanching reactions were not 
recorded as positive. 

Comparison between 0111 and non-O111 strains in sensitizing and evoking 
capacity were made with 12 strains of 0111:B4 and with 18 other strains, in- 
cluding 3 heterologous enteropathogenic types (086, O55, and 026) and 15 non- 
enteropathogenic strains, including 03, 04, 05, 06, and 11 untyped recent iso- 
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TABLE 2 


CuraNrous SHWARTZMAN REACTIONS WITH CULTURE FittRATEs oF EL. 
cott 0111 AND witH NONENTEROPATHOGENIC FH. coLI 


Type Strains | yithititiate | antiga | Totaltests | Zeattions | positive 
yee 12 Ol11 O111 248 211 85 
O11 10 Oltl Other* 96 18 19 
Olll 10 Other* Ol11 104 38 37 
— 15 Othert Other* 242 34 14 


* Includes 06, 05, 04, 03, 086, 026, and O55. 
+ Includes on/y nonenteropathogenic EZ. coli strains. 


lates from normal children. These comparative reactions are summarized in 
TABLE 2. In 248 tests in which 0111 antigens were used, 211 or 85 per cent of 
the prepared sites reacted to an evoking dose of culture filtrate of the same or 
another 0111 strain. No marked difference in reactivity of different strains of 
0111 was noted. In most instances six tests per animal were run. When sen- 
sitization with O111 filtrates was followed by an evoking dose of heterologous 
filtrate, the proportion of positive reactions was only 19 per cent. In this series, 
the 055, 086, and 026 antigens were no more reactive than the filtrates from 
nonpathogenic strains. Sensitization with other filtrates and an evoking dose 
of O111 filtrate resulted in 37 per cent of positive reactions. Sites sensitized 
with other than O111 filtrates, and withnon-O111 evoking antigen, gave the 
lowest rate of reactions. Only 14 per cent of such tests were positive. These 
figures include all animals in which some degree of reaction occurred; completely 
refractory rabbits were not included in the totals. In each animal both O111 
and other antigens were tested. 

Similar comparisons were made with filtrates of five strains of E. coli 0127, 
six of O55, five of 026, three of O86, and two of 0126. Results are summarized 
in TABLE 3. In these tests the heterologous comparisons did not, for the most 
part, include filtrates of enteropathogenic types. With 0127, homologous 
filtrates reacted in 76 per cent of the tests. With 026 homologous filtrates, 82 
per cent of the tests were positive, and with 0126 (with only 2 strains com- 
pared), 60 per cent of positive reactions occurred. In contrast to this reaction 
pattern, neither O55 nor O86 reacted with homologous antigen to a higher de- 
gree than was the case with heterologous combinations. Reactions of heterolo- 
gous combinations for 0127, 026, and 0126 were in each instance relatively low 
when the evoking injection was a nonpathogenic filtrate. With 0127, sensi- 
tization with heterologous filtrate and an evoking injection of 0127 resulted in 
an increased rate of reaction, while with 026 and 0126 both heterologous com- 
binations were significantly lower than the homologous pairs. 

Two essentially different reaction patterns were thus demonstrated among 
the six types of enteropathogenic E. coli studied. Among 0111, 0127, 026, 
and probably 0126, the capacity of culture filtrates to sensitize for and to evoke 
the Shwartzman reaction was far higher for homologous serotypes than was the 
case with the group of cultures of nonpathogenic strains tested in par- 
allel. Among the strains studied, the incidence of positive reactions was rela- 
tively low when enteropathogenic culture filtrates were used as sensitizing an- 
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TABLE 3 


CuTANEoUS SHWARTZMAN REACTIONS WITH CULTURE FILTRATES OF FE. coz 
0127, 055, 026, O86, anp 0126: Homotocous AnD 
NONENTEROPATHOGENIC FILTRATES 


Total 


Type Strains Repaied Evoking antigen atte Positive reactions 
0127 5 0127 0127 80 61 76% 
0127 5 0127 Other* 32 9 PEGE 
0127 5 Other* 0127 30 13 43% 
055 6 055 O55 90 16 18% 
O55 6 055 Other* 43 6 14% 
O55 6 Other* O55 51 ita 22% 
026 5 026 026 38 31 82% 
026 5 026 Other* 20 16 20% 
026 5 Other* 026 24 7 29% 
086 3 086 O86 24 ®) 14% 
O86 3 086 Other* 15 3 20% 
O86 3 Other* 086 18 3 17% 
0126 2 0126 0126 20 12 60% 
0126 2 0126 Other* 12 3 25% 
0126 2 Other* 0126 14 4 29% 


* Includes 06, O5, 04, 03, and 8 nontyped E. coli strains from normal infants. 


tigens and filtrates from nonpathogenic strains were used as evoking antigens. 
With the reverse combination, 7.e., with nonpathogenic strain filtrates as sen- 
sitizing antigens and enteropathogenic £. coli filtrates as evoking antigens, a 
significantly higher proportion of positive reactions was noted in the case of 
O111 and 0127 filtrates. When filtrates of types 026 and 0126 were similarly 
used, however, no essential difference between the two heterologous reacting 
combinations appeared, nor were differences noted when strains of types O55 
and O86 were similarly tested. 

The scope of this investigation has not yet permitted a detailed characteriza- 
tion of the reacting substances in the culture filtrates studied, but preliminary 
observations have revealed some pertinent attributes. When filtrates were 
stored at 5° C. for 10 months the potency of the reacting factors was noticeably 
diminished in the case of 8 strains of type 0111. The proportion of positive 
reactions obtained with these filtrates when tested after storage was approxi- 
mately one third that obtained when the filtrates were fresh, while fresh fil- 
trates of the same strains, subsequently prepared, were as active as the original 
preparations had been when first tested. 

Heating of filtrates of four strains of 0111 for two hours at 100° C. caused a 
marked decrease in reactivity for the Shwartzman reaction. Since the endo- 
toxin of E. coli has long been known to be thermostable, this change adds fur- 
ther weight to the suggestion that the reactivity described may not be due solely 
to such endotoxin. 

In tests with four enteropathogenic and two nonpathogenic filtrates, the re- 
acting factors were not removed by dialysis through cellophane against dis- 
tilled water. Boivin-type antigens were prepared, by treatment with trichlor- 
acetic acid, with three strains of 0111 and two nonpathogenic strains.!? All 
of these antigens showed the capacity for inducing positive Shwartzman reac- 
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tions. There was no difference, however, in the proportion of reactions between 
the two groups of antigens, in contrast to the preponderance of reactions that 
occurred with 0111 culture filtrates of the same strains. 

Three strains of E. coli 0111 were subcultured on carbohydrate-free agar un- 
til relatively translucent and flat colonies were recovered These cultures, re- 
garded as containing diminished amounts of K antigen, were used to prepare 
filtrates. These preparations were markedly less potent in inciting local tissue 
reaction than were filtrates of the same strains when maintained in optimal con- 
dition for production of K antigen by serial transfer on glucose agar. 


Discussion 


The enteropathogenic serotypes of E. coli occupy a unique position among 
enteric pathogens in that they are part of a large group of a biologically distinct 
species, distinguishable from nonpathogenic £. coli only in their capacity to 
cause infant diarrhea. In view of this circumstance, the pathogenesis of these 
organisms seemed best to be studied by comparing the enteropathogenic with 
the “normal” £. coli strains. 

A true infection of laboratory animals with enteropathogenic £. coli is prob- 
ably not attainable. In a comprehensive study of the action of E. coli strains 
on mice, Sjostedt attributed death of the animals solely to toxic action. Fecal 
and urinary strains were both found to be much more toxic when K antigen was 
present in an organism. These observations did not include the enteropatho- 
genic types. In our toxicity tests, we did not establish existence of a clear-cut 
distinction between enteropathogenic and nonpathogenic strains in mice. The 
enteropathogenic strains tested all had B antigen present. The L.D.50 differed 
for different serotypes but the variations more resembled a gradient of increasing 
toxicity not associated with specific serotypes. The surface antigens may well 
play a role in toxicity with this group of enteropathogenic strains, but the tests 
employed did not show it. 

Tissue cultures have been used to study the growth of bacteria in a more com- 
plex and seminatural habitat, and the enteropathogenic LE. coli were tested in 
this manner. Frequently tissue cultures were found to survive the presence of 
coliform bacteria for 18 hours or more and, in some instances, marked variations 
were noted in the ability of serotypes to proliferate in the tissue cultures. Non- 
pathogenic forms may differ from enteropathogenic serotypes in that the latter 
are able to proliferate under conditions where growth of the former. is 
suppressed. 

The occurrence of a generalized Shwartzman reaction in humans has been 
noted by Zuelzer" and by McKay.” A similar interpretation was made by 
Belnap and O’Donnell" on the basis of infants dying in an outbreak of infant 
diarrhea due to E. coli 0111. Experimentally, hemorrhagic reactions of the 
Shwartzman type were demonstrated with culture filtrates of enteropathogenic 
E. coli strains of serotypes 0111, 0127, 0126, and 026 to an extent far greater 
than was the case with several nonpathogenic strains. Strains of serotypes 
O55 and 086, however, resembled the nonpathogenic strains in this regard. 
The degree of type-specificity observed implied a relationship to the somatic 
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antigen, but activity of filtrates was apparently greatest when cultures with 
large amounts of K antigen were used for production of culture filtrates. 

The distinction between enteropathogenic and other EF. coli serotypes, as to 
potentiality for inducing a Shwartzman-reactive state, may be either quantita- 
tive or qualitative. The study thus far made does not indicate a qualitative 
difference in the nature of the active substance and, since purified endotoxins of 
this group of organisms are essentially similar in behavior, the difference dem- 
onstrated may well reflect a difference in the amount or rate of formation of 
endotoxic material. 

While the demonstration of a difference in production of Shwartzman reacting 
substance between some enteropathogenic and nonpathogenic strains of E&. 
coli does not necessarily imply any causal relationship with the pathogenesis of 
infantile diarrhea due to E. coli, the distinctions noted suggest a possibility for 
further investigation. 


Summary 


The toxicity of enteropathogenic E£. coli for mice was found to vary from that 
of nonpathogenic strains, but L.D.s59 values of the two categories overlapped 
markedly. Enteropathogenic E. coli may possess greater survival potential 
in tissue cultures than do nonpathogenic strains. A significant difference be- 
tween the capacity of some enteropathogenic E. coli and of nonpathogenic 
strains to sensitize for and to evoke the Shwartzman reaction was demonstrated. 
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EPIDEMIOLOGIC STUDIES ON ENTEROPATHOGENIC 
ESCHERICHIA COLI DIARRHEA 


By Aaron H. Stock and Mary E. Shuman 


Laboratories of the Children’s Hospital of Pittsburgh, Pittsburgh, Pa., and the Department of 
Bacteriology and Immunology, School of Medicine, University of Pittsburgh, Pittsburgh, Pa. 


Evidence that certain serologic types of Escherichia coli are causative agents 
of diarrhea, i.e., gastroenteritis. of infants has been accumulating in recent 
years. The first serotype was investigated by Bray! and by Bray and Beaven,* 
and the second serotype by Giles, Sangster, and Smith. Kauffmann and Du- 
pont! designated the antigenic structure of these strains as O111:B4 
and 055:B5. Diarrhea associated with other serotypes, 026:B6, 086:B7, 
and 055:B5, has also been reported in more recent years.>? 

This paper presents the experience obtained on culturing microorganisms 
from cases of gastroenteritis admitted to the Children’s Hospital of Pittsburgh 
in a four and one-half year period between October 1950 and August 10, 1955. 
Isolation of serotypes 0111:B4 and 055:B5 was attempted for four and one- 
half years, the study being discontinued between October 1952 and March 
1953 because of the infrequency of isolation of specific types. Isolation of the 
other serotypes was attempted as follows: 026: B6 for 21 months beginning on 
November 14, 1953; 086:B7 for 18 months beginning on March 11, 1954; and 
0127: B8 for 14 months beginning on June 11, 1954. The number of isolations 
of the five serotypes in the intervals given is presented graphically in FIGURE 1. 

An epidemic of diarrhea associated with £. coli 0111:B4 began in March 
1953 in the Children’s Hospital of Pittsburgh and was found to be related to a 
series of outbreaks in other institutions in the area. A small outbreak of diar- 
rhea associated with E. coli 055:B5 occurred in a hospital nursery outside of 
Pittsburgh, and the Children’s Hospital of Pittsburgh received the two sickest 
infants. Other than these outbreaks, the cases of diarrhea associated with 
enteropathogenic E. coli were infrequent and sporadic. ‘The incidence of isola- 
tion of E. coli 0111:B4 and O55:B5 as related to the cases of gastroenteritis 
cultured at the Children’s Hospital of Pittsburgh in a three-year period between 
October 1950 and March 1953 is presented elsewhere.? These data also in- 
clude the incidence of isolation of the serotypes from control children adjudged 
not to have gastroenteritis, and the incidence of isolation of Salmonella and 
Shigella. TABLE 1 presents the same type of data for an additional one and 
one-half years, together with the incidence of isolation of the three additional 
serotypes 026:B6, 086:B7, and 0127:B8 for varying intervals. TABLE 2 re- 
lates the incidence of isolation of five serotypes to the monthly admissions for 
gastroenteritis and is a continuation of similar data already reported for E. 
coli 0111: B4 and 055:B5.9 As shown by the tables in the previous and pres- 
ent reports, there is no striking seasonal effect on admissions. 

In the four and one-half-year period of study, stool cultures were made on 
575 cases of gastroenteritis and 1386 control subjects. From the 575 cases of 
gastroenteritis, 65 enteropathogenic E. coli, 81 Salmonella, and 1 Shigella were 
isolated. The incidence of enteropathogenic E. coli is weighted due to the 
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TABLE 1 


Data RELATIVE TO THE INCIDENCE OF ISOLATION OF ENTEROPATHOGENIC 
E. cout, SALMONELLA, AND SHIgELLA, Marcu 1954 to Aucust 1955 


Cases of gastroenteritis Conor 
0. 

. positive 

No. cases Hoge Total N for E. coli 

Year gastro- Se Teaved Petre. ponies No. No. ee 

enteritis (controls) cultured coe Beat poutixe ae 

Bi-B8 Salmonella| Shigella Shigella 
Mar. 54 to Mar. 55.... 134 477 611 5 16 0 0 
MarpoortoeAUg; Some 46 105 151 2. 7 1 0 
Totals season. tv. 180 582 762 7 23 1 0 

TABLE 2 


Data RELATIVE TO THE INCIDENCE OF ISOLATION OF ENTEROPATHOGENIC FH. coi 


1954 1955 
M AO Mal ey, J | eh Ss oO N|D J F 
No. cases gastroenteritis......... 13 76) (5) oh (6) | 13s Sse a eZ elo sels 
0111: B4 0 | 04) Qs} OF} 0.) 5 015.0) 5105) 205) Oe OR eo 
055: B5 0} 2), O50 0 POF 250s OF 00 On au 
026: Bo6* O 1 L070 109) 50s) Os Ons Os Ona 
086: B7 05} 10:0) 05)-05| 50 Os ROOF OR ORO 
0127:B8 Te Tl By) OC Os sO SOR Os 05 ORG 
1955 
No. cases gastroenteritis......... 165) Ae eS Se 
0111: B4 On OW OT On OS ReO, 
O055:B5 0 -OFO5 OF One 
026: B6 Oe ae Oe ay | (0) 
086: B7 0.4) 0: 1.05) OF ORO 
0127:B8 OF] 205) 00s On Os eo 


* None found in November 1953 to March 1954. 
+ Not done in these months. 
t To August 11, 1955. 


epidemic previously cited. From the controls, no enteropathogenic E. coli‘ 
Salmonella, or Shigella were isolated. 

The epidemic of 1953 associated with E. coli 0111:B4 was brought to our 
attention on March 11 by the readmission to the Children’s Hospital of Pitts- 
burgh of three infants with severe diarrhea who had previously been in residence 
for other causes. In the course of time, 25 children were found to be involved 
in the hospital outbreak, divided according to residence on the infant wards 
(third floor) or contagious wards (eighth floor). The 20 children involved on 
the third floor included the 3 infants already mentioned, 1 infant who died sud- 
denly, 5 infants found by a bacteriologic survey of some of the infants on the 
floor, 6 infants who were discharged to their homes and developed diarrhea, 1 
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infant who was cross-infected at a later date, and 4 infants who were involved 
in a secondary outbreak in April. On the eighth-floor wards there were 4 in- 
fants who were cross-infected from other patients on the floor, and a 5th who 
was cross-infected at home from a sibling who had been on the wards and was 
discharged home. 

This outbreak was found to involve other institutions. Maternity Home A 
was investigated on March 18 after an outbreak of diarrhea in 12 infants that 
was attributed to an infant who had been in the Children’s Hospital of Pitts- 
burgh infant wards for erythroblastosis fetalis. A second outbreak at Home A, 
involving four infants, occurred in June. Early in March, an infant at Ma- 
ternity Home A, not involved in the first or second outbreaks, was sent to Ma- 
ternity Home B. This change was followed by diarrhea in 5 of 11 infants in 
Home B. In the first outbreak at Home A, an infant was sent to Maternity 
Home D, resulting in an outbreak of diarrhea involving 20 of Home D’s 45 
infants. Of these affected infants, three were sent to Hospital E, where eight 
infants developed diarrhea. In July, Hospital F had an outbreak of diarrhea 
in six infants, one of whom had been in Hospital E earlier. Finally, in this 
period there were two sporadic cases of diarrhea associated with E. coli 0111:B4 
that seemed to have no relation to the other outbreaks. 

In the complete paper® alternate theories for the transmission of these in- 
fections from one institution to another have been presented. 

A number of hospital outbreaks of diarrhea associated with EZ. coli 0111: B4 
have been documented,’ and interhospital outbreaks associated with E. coli 
0111:B4 and 055:B5 have been reported by Rogers and Koegler.'° 


Summary 


The incidence of five serotypes of enteropathogenic £. coli isolated from in- 
fants with gastroenteritis over periods varying from 14 months to four and one- 
half years has been presented. The history of an outbreak of diarrhea involv- 
ing multiple institutions and associated with E. coli O111:B4 has been 
presented as evidence in favor of the pathogenicity of this serotype. 
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SPREAD AND CONTROL OF ESCHERICHIA COLI 
DIARRHEAL DISEASE 


By Warren E. Wheeler 


Departments of Pediatrics and Bacteriology, Ohio State University, 
and the Children’s Hospital, Columbus, Ohio. 


During the fall of 1952, an outbreak of gastroenteritis due to E. coli O111 
occurred in the nurseries of the Children’s Hospital, Columbus, Ohio. Positive 
stool cultures were obtained from 26 infant patients and 9 adult personnel 
cross-infected in the nurseries. Three other infants who had acquired this type 
of infection at home were admitted during this outbreak. The patients during 
the early days of the outbreak were treated with chloramphenicol, which suc- 
ceeded in ameliorating the toxicity and reducing the mortality to zero.’ In 
the dosage used (35 mg./kg./day), however, this drug was not uniformly suc- 
cessful in eradicating the pathogens from the stools. In many of the cases, 
drug-resistant strains of the organisms developed. Rigid aseptic nursery tech- 
nique and prophylaxis of exposed babies with chloramphenicol failed completely 
to limit the epidemic. 

For these reasons, neomycin sulfate* was substituted for chloramphenicol 
in a dose of 50 mg./kg./day. This drug controlled the toxic manifestations of 
the disease equally well, uniformly eradicated the organisms from the stool 
cultures, and in only one instance was its use followed by cultural relapse. In 
no case did neomycin-resistant strains of the organism develop. 

Once we (my associates in this work and myself) began to use neomycin in 
the treatment of every case, the incidence of cross-infection on the ward ceased. 
We attributed this to the remarkable consistency with which negative stool 
cultures were obtained after one or two days of treatment. Contrariwise, we 
attributed our previous inability to prevent the spread of the disease, in spite 
of rigid aseptic technique, to the fact that in the acute phase the enteropatho- 
genic . coli are present practically in pure culture in the stools. Infants under 
the age of two months were considerably more susceptible to cross-infection 
than older babies. 

An obstetrical nursery may be closed in order to stop an epidemic of diarrhea, 
but a nursery in a general children’s hospital must be prepared to treat infants 
acquiring this disease at home. We knew that £. coli 0111 was present in 
our community. We therefore set up an experimental plan that has been in 
operation for almost three years to demonstrate that it is possible to operate 
such a nursery without significant cross-infection from this and similar or- 
ganisms. The plan assumes that enteropathogenic E. coli of all types are 
susceptible to neomycin treatment, and that the use of this drug will quickly 
reduce the number of infective organisms discharged in the stools. 

We set aside one four-bed room on our diarrhea ward as a quarantine facility 
where all diarrhea patients under two years of age are admitted and treated 
pending the outcome of their admission stool cultures, three rectal swab cultures 
being made within the first six hours of entry. We presume each new arrival 


* Some of the neomycin used in this study was supplied by The Upjohn Company, Kalamazoo, Mich. 
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to be infected with enteropathogenic £. coli until proved otherwise. Isolation 
technique is rigidly enforced. Each patient is given neomycin sulfate in a dose 
of 50 mg./kg./day by mouth in four divided doses. On the day after admis- 
sion, if the battery of admission stool cultures is reported negative, the patient 
is released from quarantine and removed to the general diarrhea unit. The 
neomycin is continued, however, for 48 hours. Subsequently, the patient re- 
ceives stool cultures 3 times during the first week and thereafter as indicated. 
If admission stool cultures are positive for enteropathogenic E. coli, the patient 
is isolated in a separate room. Neomycin is continued until his discharge from 
the hospital or for at least 10 days. Other infants admitted to the quarantine 
room the same day as the patient with positive stool cultures are retained there 
for 24 more hours. Three more negative rectal swab cultures are required 
before such infants are released to the general diarrhea unit. During the first 
2 years of our study, stool cultures were obtained on nursery personnel after 
each enteropathogenic &. coli patient was treated. During these 2 years we 
did not detect any carriers among the personnel, so we have now omitted this 
procedure. 

The restricted bacterial flora induced by neomycin alters the stool so that 
infants usually produce two to six rather small, greenish stools with mucus 
daily. The normal color, consistency, and number of stools usually returns 
within a day or so after discontinuing the drug. When neomycin is admin- 
istered for more than two days, vitamin K is also given to prevent hypopro- 
thrombinemia. No untoward effects have been noticed due to the two-day 
treatment with neomycin. 

About 300 infants under 2 years of age are admitted annually to the Chil- 
dren’s Hospital for the treatment of diarrheal disease. Since the recognition 
of enteropathogenic E. coli depends on the agglutination of selected colonies 
of bacteria in specific serum, it is obvious that many thousands of agglutination 
tests would require a large amount of diagnostic antisera. We have been in 
the beggar’s position regarding sera and for diagnostic purposes have had to 
depend on gratuitous supplies of this scarce commodity. Rather early in the 
course of our plan of operation, Bruce Daily, our bacteriologist, noted that the 
enteropathogenic types of . coli were inagglutinable by acriflavine, whereas 
practically all of the nonenteropathogenic strains were promptly agglutinated 
by this dye. Since May 1953, therefore, we have modified the usual diagnostic 
procedure by testing each admission stool culture for agglutination with acri- 
flavine, resorting to the use of sera only on those strains that are not promptly 
and coarsely agglutinated by the dye. We test with sera the obviously acri- 
flavine-negative colonies and those that demonstrate any fine granularity. 
About one third of such colonies have proved to be strains of enteropathogenic 
E. coli. We have no information on how many enteropathogenic strains we 
may have missed by this technique, but can report that we have not had any 
epidemic diarrhea in our ward. In a few instances where babies appeared to 
have clinical relapses of diarrhea, we have attempted to agglutinate the acri- 
flavine-positive organisms obtained from these babies with polyvalent sera and 
have uniformly failed. Other workers, notably Joan Taylor in London, Eng- 
land, William Ferguson of the Michigan Department of Health, Lansing, Mich., 
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TABLE 1 
INCIDENCE OF DIARRHEA DuE TO ENTEROPATHOGENIC H. coLi—CHILDREN’S 
HosprraL, CorumBus, Onto, 1953 To 1955 
The recognition of enteropathogenic £. coli as causative agents in infants with diarrheal 
diseases has increased as more types of diagnostic antisera have become available. It would 
appear that formerly frequent types of Z. coli may be on the wane in this community. 


Cross 
infec- O1i1 O55 026 | O86 | O119 | O125 | 0126 | O127 Total 
tions 


ae 29+- 


1952 (Epidemic)...... 26 3 

PAL Joe, Pa eee ea Ce Oh 4 i) 9 
1954 ren tees, tees, oust 2 6 7 8 1 0 0 2 0 26 
WUSS are eee eee 0 0 0 0 1 1 4 1 9 


and William Ewing of the Communicable Disease Center, Atlanta, Ga., had 
made prior observations on the general acriflavine-inagglutinability of these 
types of E. coli. 

TABLE 1 illustrates the incidence of disease due to enteropathogenic E. coli 
admitted to the Children’s Hospital, Columbus, Ohio, since our epidemic in 
1952. During 1953, when we had available to us only O111 diagnostic serum, 
the number of cases admitted to the hospital was relatively small. In January 
1954 we obtained from W. Ferguson a trivalent antiserum against £. coli O111, 
O55, and 026. The use of this serum was immediately followed by an increase 
in the strains isolated. In October 1954 a polyvalent serum for the newer 
types of enteropathogenic £. coli, supplied by Cyril Stulberg of the Children’s 
Hospital in Detroit, Mich., enabled us to detect patients infected with organ- 
isms of these types. In all probability, during 1953 and part of 1954, we had 
admissions to our wards of patients suffering from specific EZ. coli enteritis due 
to some of the newer types and perhaps to some types that have not yet been 
discovered. All of the types that we have isolated have responded quite well 
to neomycin, the usual result being a disappearance of positive culture on the 
first or second day. On only two or three occasions have positive cultures 
continued to the third day, and then the enteropathogenic LE. coli were present 
in small numbers. It must be emphasized that during this time the diarrhea 
nursery has been scrutinized very carefully from the standpoint of clinical 
cross-infection, and no significant incidence of relapsing diarrhea or obvious 
cross-infection has been observed. 

Soon after the beginning of our plan for the prevention of cross-infections, 
four instances of diarrhea or relapse of diarrhea occurred in babies who had had 
previous negative stool cultures. These appeared during a two-week period. 
Two occurred on an overflow ward for recovering diarrhea patients, one on a 
ward for babies with respiratory disease that was serviced by personnel from 
the diarrhea ward at some hours of the day, and one on the diarrhea ward. 
These, of course, might be considered missed diagnoses on the basis of the 
original cultures. On the other hand, they can also be considered cross-infec- 
tions and, for the purposes of this presentation, we so consider them. Attempts 
to find a carrier among the personnel at that time were not successful but, from 
the location of the patients at that time, we must assume that some of our per- 
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sonnel were responsible. During 1954 there were also 2 instances of probable 
cross-infection. During these 3 years we have treated approximately 1000 
infants under 2 years of age with diarrheal disease in this hospital and have 
encountered 37 infants with gastroenteritis due to enteropathogenic E. coli. 
During this same period, 6 patients developed diarrhea on the basis of cross- 
infection, but there was no outbreak approaching epidemic proportions. 

While we have been unable to assemble convincing statistics on the matter, 
it has been quite obvious to observers of the diarrhea nursery that relapsing 
diarrhea, which used to be fairly frequent on our wards, has become almost a 
thing of the past. Looking back, it seems obvious that we must have been 
dealing with this type of diarrhea for many years, and that cross-infections on 
our ward must have been really quite common. We considered such instances 
“relapses” and took refuge in the clinical dictum that infantile diarrhea is apt 
to be a relapsing disease and that, with each additional relapse, the patient is 
more likely to die. Our results in the past three years make us now feel quite 
differently, and we now claim that diarrheal disease in infants, other than that 
caused by enteropathogenic L. coli, is rarely relapsing and that, probably, 
instances of clinical relapse really mean cross-infection or superinfection of 
the infant with a new diarrhea-producing agent. 

Based on these experiences, we have modified the usually practiced and ad- 
vocated plan for the management of epidemic disease for use in newborn nur- 
series. Very satisfactory results were obtained by using this modification dur- 
ing an epidemic of impetigo due to a highly pathogenic strain of Staphylococcus 
at the University and Children’s Hospitals in Columbus. This indicates that 
the principles involved can be applied to other epidemic bacterial diseases in 
the newborn period equally well. Our present concept emphasizes that isola- 
tion technique can be relied on only to hinder and delay the colonization of 
infants by Staphylococcus and E. coli. ‘“Technique” cannot, however, ensure 
that infants will remain free of such organisms indefinitely. Ifa baby can be- 
come colonized with ‘‘normal” £. coli and Staphylococcus in spite of technique 
in the absence of an epidemic, he stands every chance of acquiring a disease if 
pathogenic strains of these organisms are introduced into the nursery. When 
an incipient epidemic starts in the nursery the problem therefore must be 
attacked from a different point of view; namely, that of the susceptibility of 
the infant. 

Fortunately, both diarrhea and impetigo are bacterial in origin, and the 
causative organism is usually found to be susceptible to one of the antibiotics. 
In the case of E. coli, the pathogenic strains so far studied have been sensitive 
to neomycin. The situation is more complicated in the case of Staphylococcus, 
since most strains carried by hospital personnel are penicillin-resistant. 

The organism causing an impetigo outbreak must therefore be isolated and 
tested to find an effective drug. Once it has been found, however, recent 
epidemics have been terminated immediately when the drug has been given 
to the entire susceptible baby population of the affected nursery. By this 
procedure, babies have been temporarily converted to a population of non- 
susceptibles. This provides a period of time that can be used to identify the 
organism further, to search for carriers among the personnel, to plug any 
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TABLE 2 


ConTROL oF INFECTION IN NURSERY FOR NEWBORN OR PREMATURE INFANTS 
This is a summary of the recommendations of the Committee on the Fetus and New- 
born of the American Academy of Pediatrics. The items in italic type are the additions 
that we would make. This applies to the two greatest epidemic diseases of the newborn— 
E. coli diarrhea and impetigo—both of which are bacterial in origin. 


———— 


Allocation Culture & treatment 
Original patient Discharge from maternity | Culture and treat immediately 
unit immediately 
Patient’s mother Isolate Culture, treat if positive, or if 
baby positive 
Nursery contacts and | Retain in original nursery Culture and treat if original 
nursery personnel patient positive 
Reopen nursery only after | Keep testing for development of 
being evacuated and antibiotic resistance 
cleaned 
New patients New nursery with new person- | Culture frequently 
nel 


Close down if cases appear in 
new nursery 


loopholes in technique, to clean the nursery; and to ensure eradication of the 
organism from the nursery population. Once these measures have been ac- 
complished, the antibiotic umbrella may be lowered and a “normal” state re- 
sumed. In the meantime, a serious epidemic may have been averted. 
TABLE 2 depicts a summary of the recommendations of the Committee on 
the Fetus and Newborn of the American Academy of Pediatrics,? Evanston, 
Ill. The items listed in italic type are modifications that we would add to 
this currently accepted plan. Our conviction is that effective antibiotic ther- 
apy given to patients can shorten the time during which they discharge large 
numbers of pathogens and that antibiotics given to contacts can prevent coloni- 
zation of otherwise susceptible infants. With this assistance from properly 
chosen antibiotics, it seems foolish to rely entirely upon technique to prevent 
the spread of diseases that in the past have spread in spite of good technique. 


Summary 


; (1) An experimental plan to prevent the spread of enteropathogenic E. coli 
in a diarrhea nursery in a children’s hospital has been in operation for three 
years. 

(2) The plan is based on the following principles: (a) minimizing the coloniza- 
tion of uninfected infants with pathogenic organisms by the practice of good 
isolation technique; (b) prompt reduction of the numbers of pathogenic or- 
ganisms excreted by incoming patients by the use of neomycin; and (c) tempo- 
rary conversion of incoming patients with other types of diarrheal disease to 
nonsusceptibles by the use of neomycin. 


(3) During the 3 years of operation of this plan over 1000 diarrhea patients 
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have been treated. Thirty-seven of these have had enteropathogenic E. coli 
in their stools. Six cross-infections have occurred. 

(4) The plan has been modified for use in nurseries for the newborn in event 
of the occurrence of epidemic diarrhea of the newborn or epidemic impetigo. 
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Discussion of the Paper 


Irvin OxirzKy (Philadelphia Department of Health, Philadelphia, Pa.): In 
our hands, acriflavine agglutinates our E. coli of type 0127. Since the acrifla- 
vine inagglutination has been claimed to be a flagellar phenomenon, and since 
E. coli 0127 is nonmotile, may this not be a source of error? 

WaRREN E. WHEELER: In our hands and in Cyril Stulberg’s, E. coli 0127 
is acriflavine negative, as are the other types, so that in this instance, I should 
doubt that the reactions depend on flagellar antigens. The difficulty in recom- 
mending this test is that it depends on an empiric observation. Until we know 
why some bacteria are agglutinated and others are not, we cannot explain why 
the test may be more or less specific in some hands and not in others. Various 
lots of acriflavine are known to give slightly different responses. The matters 
of pH and electrolyte concentration may also affect the results. The way we 
perform the test in our laboratory is to make a heavy suspension of a colony 
on a slide in a drop of normal saline solution. Once it is obvious that the bac- 
teria are not salt-agglutinable, one drop of a 1:500 solution of neutral acriflavine 
in distilled water is added, and the reaction is observed for no longer than one 
minute. Positive agglutination usually begins in a matter of seconds and, 
with clearly acriflavine-positive colonies, the agglutination is complete in one 
half or three quarters of a minute. If nonagglutinated bacteria remain sus- 
pended in the drop at the end of a minute, we go ahead and type the colony 
with serum. I merely claim that in our hands, for reasons we do not under- 
stand, it has been a satisfactory screening procedure. 

MERLIN Cooper (Children’s Hospital Research Foundation, Cincinnati, Ohio): 
Iam a bit worried about the dose of neomycin used here. As I reported earlier 
in this meeting, we did not obtain consistently negative stool cultures using 
this or even higher doses after we discontinued treatment. We now recom- 
mend 150 mg./kg./day of neomycin for 2 days and 100 mg./kg./day for 8 more 
days. 

ape E. Wuee er: I am glad Merlin Cooper brought out this point. 
We were so impressed with the contagion when £. coli 0111 was involved that 
we never removed patients from treatment while they were still in the hospital. 
I am sure Cooper is right and, if one wants to ensure negative cultures after 
treatment has been stopped, one must use a higher dose than we use, a longer 
period of treatment, or both. Our data merely show that we have had con- 
sistently negative cultures while patients were still receiving 50 mg./kg./day. 


CONTROL OF EPIDEMIC DIARRHEA OF THE NEWBORN IN 
HOSPITAL NURSERIES AND PEDIATRIC WARDS 


By Albert H. Harris, Alfred Yankauer, D. Crosby Greene, 
Marion B. Coleman, and Madeleine Y. Phaneuf 


Division of Laboratories and Research and the Bureau of Maternal and Child 
Health, New York State Department of Health, Albany, N. Y. 


As a cause of death during the neonatal period, epidemic diarrhea of the 
newborn is relatively unimportant. Yet hospital outbreaks of this disease, 
when they do occur, are serious affairs. Like all diseases that descend “on the 
people,” they are frightening. When these diseases descend on the hospital, 
a scientific institution surrounded by all the aura and prestige of modern medi- 
cine, their danger appears magnified and publicity is inevitable. 

It is our intention to summarize nine years’ experience with hospital nursery 
outbreaks of diarrhea of the newborn in upstate New York, to discuss the 
rationale of hospital control measures that arises out of this experience, and to 
describe our program for their prevention and control. 

Nursery outbreaks in upstate New York. In upstate New York, epidemic 
diarrhea of the newborn has been known to exist since 1935. After the disease 
became reportable in July 1946, more reliable information became available. 
TABLE 1 shows the number of reported cases, deaths, and outbreaks of diarrhea 
in infants under 28 days of age from July 1946 through June 1955. This in- 
cludes sporadic as well as epidemic cases and deaths. We have considered an 
outbreak to be three or more cases occurring over a one-month period in the 
same nursery. Our experience, of course, is limited to those outbreaks which 
come to the attention of public health authorities. All of the outbreaks in 
1954 and 1955 were reported following the publicity given to a serious epidemic 
in a hospital in eastern New York State. 

A review of the 35 reported outbreaks revealed several interesting facts. 
The over-all case fatality rate was 11.8 per cent. In 23 outbreaks there were 
no deaths while, in 12 others, the case fatality rates ranged from 7.2 to 80 per 
cent. TABLE 2 shows that outbreaks occurred with considerably greater 
frequency in large hospital maternity services than in small ones. The number 
of cases per outbreak was also related directly to the size of the maternity serv- 
ice. These relationships are to be expected since, in a large maternity service, 
the infant is likely to be handled by a greater number of people than in a small 
one, and the group endangered is a largerone. It is also possible that outbreaks 
are more likely to be reported to the health department when they occur on 
large maternity services. The case fatality rate in these 35 outbreaks did not 
vary significantly with size of maternity service (TABLE 3). 

TABLE 4 illustrates the importance of prompt, vigorous action to control 
outbreaks. Too often no report was made to the health department until one 
or more deaths had occurred. In these situations, record review and discussion 
with the staffs clearly indicated that diarrheal disease had been smoldering in 
the nurseries for several weeks or months prior to its being reported. This 
relationship between delay in reporting and deaths is to be expected, since the 
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TABLE 1 


DIARRHEA OF NEWBORN—UpstTATE New York REPORTED CasEs, DEATHS, 
AND HospiTaL Nursery Ovursreaks, Juty 1946 to JUNE 30, 1955 


4 pe Deathst oaibaeales 
1946 75 18 5 
1947 203 47 6 
1948 160 27 5 
1949 68 14 2 
1950 67 19 3 
1951 56 3 =) 
1952 7 5 0 
1953 17 9 0 
1954 104 PM 5 
1955 41 3 4 
SOCAL eae mer ae re ts ci 798 166 35 


* Includes sporadic cases. 
{ In 1946 through 1951, figures include deaths not prenatily attributed to diarrhea. 
Tt Six outbreaks are recorded in 1942 and 7 in 1945 


TABLE 2 


HospiraL NursERY OUTBREAKS OF DIARRHEA OF NEWBORN, BY SIZE OF 
Maternity Service, Upstate New York, Jury 1, 1946 ro 
June 30, 1955 


beatin her Paget hhh i 
Si f sernit . of hospitals Numb f outbreaks Numb f umber o 
(No, of births per year) Newson outbreaks | Per 100 | “cases | cases per 
per year 
0-99 39 1 0.3 2 3.0 
100-499 88 6 0.8 40 6.7 
500-999 59 10 1.9 136 13.6 
1000 and over 46 18 4.3 319 Gites 
PO beak aati i er rc, LEY 35 ey) 498 14.2 
TABLE 3 


Case Fatatity Rates in 35 Hosprrat NursERY OUTBREAKS OF DIARRHEA OF 
NEWBORN BY SIZE OF MATERNITY SERVICE, UpstatE NEW 
York, Jury 1, 1946 ro June 30, 1955 


ees Cases Dental nk Cantey ate 
0-99 3 0 0.0 
100-499 40 6 15.0 
500-999 136 18 hy 
1000 and over 319 Ski 11.0 
SUE eee Wee Jue «brave 05 8 498 59 11.8 


* Number of deaths per 100 reported cases. 
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TABLE 4 
DEATHS IN 35 Hosprrat NURSERY OUTBREAKS OF DIARRHEA OF NEWBORN BY 
DeLay IN REPORTING OF OUTBREAK TO HeatTH DEPARTMENT, 
Upstate New York, Jury 1, 1946 to June 30, 1955 


Interval between onset of first amber or Mianiher oF Raabe ok Number of 
ae ee eS ae outbreaks cases | deaths pare 
} 
One week. or less... . ... <...6c0280 12 102 } + 0.3 
Eight days to1 month......... 12 } 174 | 22 ) 1.8 
More than 1 month............ 10 216 33 She 
Unknowiies 7st soe seo 1 6 0 0.0 
} = 
Tita ts eo ennai 35 498 | 59 1.7 


outbreaks reported late were of longer duration. One cannot escape the in- 
ference, however, that if the outbreaks had been reported sooner and action 
had been taken to control them, fewer cases and fewer deaths would have 
occurred. 

No microorganism could be implicated as the etiologic factor in 27 out- 
breaks. Two outbreaks were probably caused by Salmonella, while another 
was characterized by the finding of large numbers of Staphylococcus aureus 
and S. albus in the stools of many cases. In five outbreaks, enteropathogenic 
E. coli were isolated from the stools of two or more patients and are believed 
to have been the causative agents. E. coli 0111:B4 was isolated in association 
with three outbreaks, and 0127: B8 and 026:B6 in association with one each. 
The low incidence of enteropathogenic E. coli is deceiving, since a thorough 
search for this microorganism was made in very few of the 35 outbreaks. 
Frozen stool specimens from 2 epidemics examined 5 years later revealed entero- 
pathogenic E. coli. We have been impressed by the frequency with which 
these microorganisms have been found when looked for during the past 2 years. 
The severity of the outbreaks with probable enteropathogenic £. coli etiology 
is striking. The case fatality rate for 139 infants involved in 5 outbreaks in 
which enteropathogenic £. coli were isolated was 28 per cent as compared to a 
case fatality rate of 6 per cent for 359 infants in the remaining 30 outbreaks. 
This contrast may be somewhat overstated, since a more thorough search for 
the etiologic agent was made in the more serious outbreaks. All but 1 of the 
deaths associated with enteropathogenic E. coli outbreaks occurred before 
neomycin was shown to be effective against these microorganisms. 

Approximately 200 cultures of E. coli isolated in local laboratories and 500 
fecal specimens submitted directly to the Division of Laboratories and Research 
were examined in the latter institution between July 1, 1954, and September 1, 
1955. The source of material included infants and children with diarrhea and 
a disproportionately larger number of exposed infants and associated nursing 
and other hospital personnel. Stools from 28 individuals were shown to con- 
tain enteropathogenic E. coli as shown in TABLE 5. All of this latter group 
had diarrhea and, with the exception of a child of 6 years, all cases were in 
infants under 2 years of age. 


The variation in severity and character of different outbreaks points almost 
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TABLE 5 


ENTEROPATHOGENIC EF. cot IDENTIFIED IN THE DIvISsION OF LABORATORIES 
AND RESEARCH, Jury 1, 1954 To SEPTEMBER 1, 1955 


Number of patients 


Serotype 3 
Sporadic cases resin Total 

Sipe Werte ses Ms: olde. 6 2 8 
AS LON 2 ee ee ee 5 2 7 
2 SS te he ae 5 0 ) 
RBC BOR eer tk fe. occ aeee 1 2 3 
RPE Gey oe is SS is ess 2 0 2 
ALES TS OSE eS eae oe eres ee 2 0 2 
0111:B4 and 026:B6............. 1 0 1 

tee RENRN Seo dots ists 2. 22 6 28 


certainly to a variety of etiologic agents. The clear association of several out- 
breaks with a high prevalence of diarrhea in the community, and often in the 
medical and nursing staff caring for the infants, suggests that the causative 
microorganisms in some hospital outbreaks are the same as the microorganisms 
causing diarrhea in the community. 

Source and spread of nursery outbreaks. FIGURE 1 represents an attempt to 
diagram the potential sources of a hospital nursery outbreak and the channel 
through which infection may be introduced by such sources. Although in some 
of the outbreaks investigated we have arrived on the scene too late to implicate 
a source, all of the sources illustrated in the diagram have been clearly impli- 
cated alone or in combination. 

Ficure 2 represents an attempt to illustrate the channels through which 
infection may be spread once it has been introduced into the nursery for the 
newborn. Here we feel that we are on firmer ground, since we have yet to 
encounter an outbreak in which these channels of spread were not wide open 
at the time we arrived on the scene. It is this observation that leads us to 
believe that hospital outbreaks are preventable if proper nursery policies and 
techniques are observed. 

These diagrams presuppose that epidemic diarrhea of the newborn is spread 
by the fecal-oral route and is neither air-borne nor spread by droplet infection. 
It is unlikely that hands of nursing personnel contaminated with a pathogenic 
microorganism can be washed clean of every last pathogen in one or two min- 
utes at the scrub sink. Therefore, a second hypothesis on which control 
measures are based is that relatively large numbers of pathogens must be in- 
gested to produce disease. It is unfortunate that so little documentation 
exists to support this hypothesis. Ferguson’s experiments in feeding entero- 

ic E. coli to volunteers?-* Gordon’s virus-feeding experiments,‘ and 
other work cited by Ferguson elsewhere in these pages indicate that dosage was 
a factor i in producing symptoms of diarrheal disease in adults. Perhaps these 
findings apply also to infants. 
Principles of prevention and conirol. Unless babies are handled with complete 
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surgical asepsis at all times (a practice which is neither practical nor psycho- 
logically desirable) it is impossible to bar completely the access of an infective 
agent to the nursery for the newborn. Certain sources or channels of intro- 
duction, however, can be completely controlled (FIGURE 1). The terminal 
heating of feeding units (provided such terminally heated units are the only 
means by which a baby is fed) is a guarantee that infective agents will not be 
introduced by this route. The elimination of all common equipment and the 
care of all babies in their own bassinets with their own individual equipment 
eliminate this potential source. A hospital policy that ensures that no infant 
born outside of the hospital enters the nursery, under the assumption that such 
an infant may harbor an infective agent, eliminates this third source. 

Mothers and the variety of hospital personnel handling infants remain as 
two potential sources of infection that can never be completely controlled. 
Hospital policies that prohibit a baby born to a mother with diarrhea from 
being placed in the normal nursery for the newborn may help to eliminate an 
obvious source of infection. Similarly, a policy that prohibits hospital person- 


Feeding units 


(bottle, formula, nipple) 


Hospital personnel Mothers 


(cases or carriers) (cases or carriers) 


Nursery or delivery 


room equipment Infant case or corrier 


(bathing table, oil, 


(infected prior to ad- 
brush, resuscitator) 


mission to nursery) 


FicurE 1. Sources and channels through which infection may be introduced into a nursery for the newborn. 
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nel exhibiting symptoms of illness from working with normal newborn infants 
may help to eliminate this source. 

It is perfectly obvious that neither of these policies, however, can be 100 
per cent effective. If outbreaks are to be avoided, therefore, a mother and 
baby must be considered as a single unit to be isolated from other such units. 
Each baby must be handled at all times on the assumption that he is a poten- 
tial source of infection (FIGURE 2). It is unlikely that direct-contact spread 
between infants occurs very frequently, but we have come across situations 
in which two infants have shared an incubator or bassinet. Furthermore, 
crowded quarters and the use of a common infant carrier predispose to spread 
by inviting common care without hand washing. 

The control of nursery personnel as a channel of spread embraces such fac- 
tors as the provision of adequate work facilities, the assignment of a trained 
and properly supervised staff in sufficient quantities to meet the nursery needs, 
and the elimination of useless nursery routines such as frequent temperature 
taking, excessive bathing, efc. Only under such circumstances can the nursery 
staff be expected to carry out hand-washing and other techniques that isolate 
each mother-baby unit from every other mother-baby unit. Control measures 
depend also upon competent, interested medical and nursing supervision, and a 
hospital administration that understands that the full needs of the maternity 
service must be met without compromise. 


Infant 


(case or carrier) 


AAA BRELEBBERLRSEEES 


Za 


DT AT LF LT A OP 


Nursery personnel 
Nursery equipment Contributing factors: 
(improper techniques, 
(bathing table, oil, understaffing, 
brush, etc.) poor supervision, 
inadequate facilities) 


Well infants 


(overcrowding, a 
contributory 
factor) 


Ficure 2. Channels through which infection may spread in a nursery for the newborn. 
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An observation nursery provides an additional safeguard. Such a separate 
unit should not be used to isolate diagnosed cases of disease. Its purpose is 
to allow quick segregation (without specific medical authorization) of any infant 
suspected of being ill. If a definite diagnosis of infection is made, the infant 
should be removed immediately from the maternity floor and isolated on an- 
other service. 

Obviously these same principles of control should assist in preventing the 
introduction and spread of any pathogen using the same channels, whether it 
incites diarrhea in its host or some other disease, such as impetigo. 

When an outbreak of diarrhea occurs in the nursery, the control measures 
put into effect are nothing more than a tightening of the barriers that have 
already been discussed. In most instances it suffices to consider as potentially 
infected all infants who have been housed in the same nursery unit as the in- 
fected infants. Newborn infants from the delivery room should be admitted 
to other nursery units and cared for by other personnel. The use of anti- 
biotics, particularly neomycin, has been helpful in controlling outbreaks caused 
by enteropathogenic E. coli. Occasionally it has been necessary to close the 
entire nursery service. Where this has been necessary, however, the reasons 
have been the failure of nursery personnel to carry out proper techniques or 
extremely inadequate existing facilities. Closure under these circumstances 
has permitted us to work with the hospital personnel until they practiced proper 
techniques, or has permitted the hospital to remodel its nursery facilities. 

Our experiences with hospital outbreaks of diarrhea have ranged from small 
hospitals to large ones with excellent reputations. In every case the channels 
of spread were very obvious to an outside observer. Most often, observation 
was far more productive during the small hours of the night than during the 
bright daytime hours. 

Enforcement of control measures. Laws and regulations to improve social 
welfare and public health can be effective only if they represent an expression 
of common concern and if they are fairly and firmly administered. Public 
agencies administering regulations for nurseries for the newborn owe a great 
debt of gratitude to the American Academy of Pediatrics, Evanston, Ill., whose 
Committee on the Fetus and Newborn has issued two admirable statements of 
acceptable nursery policies and practices.> Without these authoritative state- 
ments it is unlikely that laws and regulations would be possible or enforceable. 
With such a statement available, however, we have found ourselves in the 
position of being requested to enact and enforce regulations by the very groups: 
that are to be regulated. Under these circumstances, the firm enforcement of 
regulations becomes a positive effort to improve the health and the welfare of 
the community rather than an instrument of repression. When our regulations 
were revised this fall, they were welcomed by physicians and hospital adminis- 
trators as a tool to help them achieve gains that they might have not been able 
to achieve without the force of law behind them. We have often suggested 
that plans for construction of new nurseries be revised to include what we felt 
were essential elements. Occasionally we have insisted on revision over the 
strenuous objections of architects and administrators. We have invariably 
been gratified, after construction was completed, by learning that even those 
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TABLE 6 
Inrant Lives SAVED From 1950 To 1954 as A RESULT OF THE DECLINE IN 
THE WEIGHT-SPECIFIC NEONATAL Morratity RATES 
BETWEEN 1945 To 1949 anp 1950 to 1954 


Infant deaths 


Per cent 
Birth weight (grams) Number of decrease 
Deaths expected | _ live d : 

note deans, | Deuba geet) Heeeewet | Sa 
1000 or less 3,995 4,022 27 67 
1001-1500 2,587 3,195 608 19.03 
1501-2000 2,033 2,667 634 PES GAT 
2001-2500 1,625 2,354 729 30.97 
2501 and over 4,403 6,475 2,072 32.00 
ARE ORC a ee Ree 14, 643 18,713 4,070 21.75 


who had opposed our suggested changes were now delighted that we had in- 
sisted upon them. 

Responsibility for interpretation and enforcement of regulations for nurseries 
for the newborn in New York State is placed in the hands of local full-time 
health authorities. The devotion and skill of county, city, and district public 
health physicians and nurses account for whatever success these regulations 
may have had in improving care of the newborn in New York State, illustrated 
by TABLE 6. We believe decentralization of authority accomplishes far more 
in the long run than authority retained in a state agency far removed from the 
local scene. At the same time it poses certain disadvantages relative to the 
training and experience of local public health personnel. These disadvantages 
have to be met by an extensive program of education and state consultant 
services. Our first program of nursing education has been described elsewhere.® 
We are now working to develop a second state-wide educational program and 
to strengthen our consultation services, which are in heavy demand. 

The first regulation to prevent and control outbreaks of diarrhea was in- 
corporated into the New York State Sanitary Code in 1948.78 By 1952, it 
was generally believed that the problem of diarrhea in the newborn had been 
effectively surmounted. This complacency was abruptly shaken when the 
news of a large outbreak in a hospital in eastern New York State was made 
public in the summer of 1954. Results of state-wide inspections made after 
this outbreak showed that generally satisfactory progress had been made in 
the aspects reviewed, but that obvious deficiencies still existed in some hospital 
nurseries (TABLE 7). For these reasons, policies and procedures for enforce- 
ment were clarified and strengthened, and the regulation was completely re- 
written. The opinion of physicians, hospital administrators, and public health 
personnel in upstate New York was clearly ranged on the side of making the 
rewritten regulations as specific and detailed as possible, and this was the 
course taken. 

A full discussion of the regulation itself has been published elsewhere.° 
Only three important changes will be discussed here. Medical and nursing 
supervision of the nursery was not mentioned in the previous regulation. 
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TABLE 7 


PERCENTAGE OF Hosprrat NURSERIES WITH INADEQUATE FACILITIES OR 
Fautty Practices In Upstate New York, 1948, 1949-51, anp 1954 


Year 
t1og | 1154 | tose 

Inadequate facilities 

Less than 24 square feet of floor space per bassinet......... 66 2 10 

Nurseries housing more than 12 infants................... 45 18 8 
Faulty practices 

Same nurses caring for well and sick infants............... 14 3 8 

Nurse-baby ratio) greater than! 112i. ee iercteteieteer=rstereteler 33 14 7 

Formula not terminally heatedsyc cers ce sieiste stele =o -tslore ets 58 9 5 

Individual equipment for each infant not provided......... 53 8 i 


* Questionnaire before State Regulations became effective. 
{ Hospital inspections. 


Obviously this is not readily susceptible to government regulation. The sug- 
gestion that every hospital be required to designate a specific physician and 
nurse as responsible for the operations of the nursery for the newborn and for 
the preparation of written policies and procedures was received well, however, 
and is incorporated in the new regulation. 

The reporting of diarrhea of the newborn has been a consistent problem. 
Unless cultures of a pathogenic microorganism are reported immediately, the 
diagnosis must necessarily be clinical. A fairly high proportion of normal 
newborn infants exhibit transitional soft, mushy stools during the first few 
days of life. Often an outbreak becomes evident only if someone takes the 
trouble to review the nursery records over a long period of time. The extreme 
importance of reporting outbreaks as soon as possible is very evident from our 
past experience (TABLE 4). An attempt to solve this apparent dilemma was 
made by incorporating in the regulation the following statement: “An im- 
mediate telephone report shall be made (by the hospital) to the local full-time 
health officer whenever: (1) an infant has one or more watery or explosive stools 
from any cause on two successive days; (2) any patient is admitted to the hos- 
pital with diarrhea (from any cause), the onset of which occurred when the 
patient was 28 days or less; and (3) the existence of diarrhea of the newborn is 
suspected.” ' 

Watery or explosive stools in newborn infants are pathological under any 
circumstances. When an infant under 28 days develops diarrhea, one should 
look into the nursery of the hospital where the infant was born. Neither 
of these two conditions indicates that an outbreak of diarrhea in a hospital 
nursery has occurred. They do alert the health officer, however, and permit 
him to undertake enough of an investigation to determine whether or not an 
outbreak exists. To date, experience with this new requirement has been 
satisfactory. An undue number of cases of diarrhea in infants under 28 days 
of age has not been reported and, in at least one instance, the reporting of a 


case led to the discovery of a minor outbreak of diarrhea that probably would 
not have been reported otherwise, 
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The value and importance of submitting E. coli isolated from stools to a 
laboratory equipped and staffed to do serogrouping and typing has been obvious 
to us in recent years. In several of the outbreaks reported within the last 
five years, satisfactory specimens were not obtained and, by the time the out- 
break was reported, the suspects were receiving antibiotics, so that it was im- 
possible to determine whether or not enteropathogenic EF. coli were present. 
For these reasons, the Sanitary Code was revised to require the submission of 
specimens from suspected cases of diarrhea of the newborn to a local approved 
laboratory or to the Division of Laboratories and Research, Albany, N. Y. 
The Division of Laboratories and Research has prepared and distributed to 
approved laboratories two pools of E. coli-grouping sera for screening tests. 
Final serogrouping is done in the Central Laboratory. 

Outbreaks of diarrhea on pediatric wards. Our present regulations cover only 
nurseries for the newborn. We have had experience with only one hospital 
outbreak that originated on the pediatric ward. The outbreak occurred early 
in 1955 and was initiated by the admission to the pediatric service of a two- 
month-old infant with diarrhea. Somewhat later in the course of events, 
E. coli 0111:B4 was isolated from this infant’s stools. The hospital is an 
excellent institution, but for many years it had cared for its premature infants 
on the same floor as its pediatric patients. We had actively discouraged this 
practice but had been unable to convince the hospital administration of its 
potential danger. We were told that the same nurses caring for pediatric 
patients would be prohibited from caring for the premature infants, thus 
eliminating the danger of contact spread, and that moving the nursery for the 
premature to the newborn service would be too expensive. 

Diarrhea subsequently developed in two older infants on the pediatrics 
service and in two premature infants, one of whom died. £. coli 0111: B4 was 
isolated from the stools of the surviving premature infant but not from the 
other infants, perhaps because of faulty technique. No cases of diarrhea oc- 
curred on the newborn service, located on another floor. In spite of hospital 
policy and state regulation, our investigation disclosed that nursing shortages 
had exerted an understandable pressure on the night shift. The same nurse, 
on several successive nights, had cared for the source of infection, the two older 
infants, and the two premature infants who developed diarrhea. 

Shortage of trained nursery staff is probably the most critical factor affecting 
care of the newborn at the present time. Obviously, physical facilities of 
themselves cannot overcome such shortages. The presence of a premature 
unit adjacent to a pediatric ward, however, seems to demand too much for- 
bearance in the human character, a point that can be generalized as the major 
reason for all requirements relative to nursery facilities. This small outbreak 
caused one preventable death. The hospital moved its premature unit without 
further urging. It is now adjacent to the nursery for the newborn, with which 
nursing services can be shared without the same dangers. 


Summary 


(1) Thirty-five reported hospital nursery outbreaks of diarrhea of the new- 
born in upstate New York during the nine-year period July 1, 1946 to June 30, 
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1955 have been reviewed. Outbreaks were most frequent in hospitals with 
large maternity services. 

(2) The over-all case fatality rate for the 35 outbreaks was 11.8 per cent. 
Severity of outbreak appeared directly related to delay in reporting cases. 
Five outbreaks thought to be due to enteropathogenic E. coli had an over-all 
case fatality rate of 28 per cent. 

(3) In every outbreak investigated, channels through which the micro- 
organism could spread easily in the nursery situation were readily observable. 
These are discussed in some detail. 

(4) Prevention and control of outbreaks hinges on elimination of all sources 
and channels of spread that can be eliminated easily and on the handling of 
each well baby at all times on the assumption that he is a potential source of 
infection. 

(5) The New York State public health program of hospital nursery regula- 
tion has been described, emphasizing the decentralization of authority for 
inspection and enforcement, the need for a continuing state education and 
consultation program, and the importance of viewing regulatory authority as 
a positive effort to improve community health. 
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ESCHERICHIA COLI AS A CAUSE OF DIARRHEA IN CALVES* 


By H. W. Dunne, P. J. Glantz, J. F. Hokanson, and A. L. Bortree 


Pennsylvania State University, University Park, Pa. 


Calf scours, white scours, calf diarrhea, and colibacillosis or Kalberruhr are 
terms used to designate a disease in calves that manifests itself by a marked 
catarrhal gastroenteritis and a fetid watery diarrhea that usually occurs 48 to 
72 hours after the birth of the calf. The disease commonly terminates in death 
two to nine days after birth. Acute cases may terminate in death before diar- 
rhea is evident. The recovery rate is highest in herds where morbidity is 
light and where calves have received colostrum. In herds where the infection 
has been established, the morbidity rate and the mortality rate rise markedly. 
Feeding colostrum under these circumstances tends to lower the incidence and 
mortality but apparently is incapable of stopping the spread of the disease. 
Essentially, calf scours is a disease of concentrated bovine populations and is 
seldom encountered under range conditions. 


Isolation of the Etiological A gent 


The etiological agent in calf scours is commonly regarded as Escherichia coli. 
The association of E. coli with calf scours was made at the turn of the last 
century by a number of European workers, including Jensen,! Nocard and 
Leclainche,” Joest,? and Titze and Weichel.* Later observations were made by 
Smith ef a/.** in the United States and by Lovell ef a/.°" in Great Britain. 

With the isolation of a causative organism, a number of important problems 
arose, many of which were subsequently solved. The answers to other prob- 
lems remain somewhat nebulous in their interpretation by various workers. 
The present-day concepts of mixed infections, synergisms, animal viruses, and 
phage systems suggest innumerable possibilities for combination of etiological 
agents as the cause of enteritis of the newborn. One would be foolish, indeed, 
to disregard these newer concepts of infection and agent combination, for they 
may be just as important to the enteritis complex as weather, season, climate, 
sunshine, lack of vitamin A, overfeeding, synthetic diets, lack of colostrum, 
poor management, weak animals, and overconcentration of stock. 

There still is much to be said in behalf of EZ. coli, however, for its part in this 
complex picture. Whether a primary or secondary factor, E. coli has been 
isolated from the blood stream and tissues of a high percentage of calves dying 
of calf diarrhea. 

Although E. coli has been the most constant organism cultured from calves 
with scours, it has not been the only organism isolated. Titze and Weichel,* 
in a study of 104 animals with scours, isolated 210 strains of bacteria. Of these 
strains, there were 166 isolates of E. coli, 24 isolates of Salmonella enteritidis, 
two of paratyphoid B, and the rest miscellaneous bacteria. Lovell and Hughes’ 
reported isolations from 69 cases. Infections with F. coli accounted for 37 
cases, Corynebacterium pyogenes for 12, hemolytic coccobaccilli for 6, Salmonella 


* Authorized for publication on December 15, 1955 as Paper No. 2031 in the Journal Series of the Pennsylvania 
Agricultural Experiment Station, University Park, Pa. 
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typhimurium for 2, and Pasteurella for 1. Mixed infections accounted for 11 
cases. Such organisms as Staphylococcus aureus and Pseudomonas aeruginosa 
were present in addition to certain of those encountered in pure infection. In 
an additional 31 cases the etiology was doubtful, indicating a nonbacterial cause 
or bacteria that could not be identified. Thorp et al.” isolated E. coli from the 
tissues of 15 animals dying of calf scours. Jones and Little™ isolated Vibrio 
jejuni from the intestines of calves with diarrhea. Filterable agents have been 
described by Baker! and by Moll and Brandly"® in relation to diarrhea of 
calves. 


The Reproduction of Calf Scours in Susceptible Animals 


Under natural conditions, calf scours appears almost spontaneously. Re- 
production of the disease is simple in contaminated quarters. Because of this, 
much research has been done on organisms isolated from naturally infected 
animals. Experimental reproduction of the disease with strains isolated from 
infected animals, however, presents a different problem. Jensen! was able to 
produce a mild diarrhea by feeding cultures of organisms isolated from normal 
calves. A more severe reaction with subsequent death followed simultaneous 
administration of small amounts of creolin, methyl violet, or iodine trichloride 
in the milk. Jensen believed that the intestinal organisms simply acquired 
virulence if they contacted a damaged intestinal tissue. Further research, he 
added, proved that these organisms isolated from the blood and tissues of the 
above experimental animals were just as pathogenic as those isolated from 
calves dying from naturally occurring calf scours. Jensen cited J. Poels as being 
unable to duplicate the experiments with the chemical irritants and disagreed 
with Poels’ theory that a specific strain of bacteria was necessary to cause the 
disease. Smith and Orcutt® were unable to cause the diarrhea by feeding 
cultures of E. coli to a 16-day-old calf that we now know was too old to be 
infected. Van Pelt,!® citing unpublished data from the Storrs Experiment 
Station, Storrs, Conn., stated that cultures isolated from animals dying of calf 
scours were fed to calves taken from their dams at birth. The cultures were 
fed along with the colostrum and produced no ill effects. He reasoned that the 
protective action of the colostrum may have eliminated the effectiveness of 
the culture before it reached the small intestine. Since it was generally con- 
ceded that infection took place orally, Hagan” concluded that other agents were 
probably responsible for the primary infection and that invasion of the tissues 
by E. coli was secondary. 

When an attempt was made to raise newborn calves on synthetic diets with- 
out colostrum, Aschaffenburg et al/.8 found that a high mortality from calf 
scours ensued. In contrast, he found that calves receiving colostrum for the 
first four days survived on this diet. Under similar conditions, Ingram e¢ al.!9 
showed that only 9 calves of a total of 103 survived an endemic of calf scours 
when deprived of colostrum. In the same experiment 118 calves of a total of 
161 that received colostrum survived. 

Another approach to the method of infection in the calf was offered by Wil- 
liams et al.,°° who attributed the infection by E. coli to intra-uterine exposure 
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to the organism. He observed the occurrence of fetal diarrhea and instances 
of active dysentery at the time of birth. Such cases often recovered for a 
short period and then relapsed in 10 to 15 days. Many of the dams of calves 
that scoured suffered from metritis following calving or were afflicted with 
retained placenta. Williams criticized Jensen’s work in that: (1) there was 
no evidence that the gastrointestinal tracts of the experimental calves were 
free from bacteria at the time of birth; (2) details or even a general outline of 
the feeding was lacking; and (3) most controls, as well as the inoculated calves, 
had diarrhea. The disease developed more slowly in the controls and was 
less frequently fatal but had the same general characteristics. 


Transmission Experiments at Pennsylvania State University 


The prevailing skepticism over the ability of isolated strains of E. coli to 
reproduce calf scours prompted transmission experiments with calves orginat- 
ing from the Pennsylvania State University herd. 

The history of the herd gave evidence that, in years past, calf scours had 
been a serious problem. In the year prior to these experiments, however, the 
Dairy Science Department had moved its herds into newly developed quarters 
and, for a time, calf scours ceased to be a problem. During this period the 
Veterinary Science Department also moved into new facilities and began trans- 
mission experiments. 

Calves used in the experiments were males taken from their dams at birth, 
muzzled, and taken directly to the isolation unit. The unit into which a calf 
was placed was constructed with tile walls and floors and was thoroughly 
cleaned and disinfected before receiving the animal. The investigator entered 
the quarters through a vestibule where clean coveralls and boots were donned, 
and where hands were washed before entering the isolation unit. All calves 
received pasteurized milk from sterilized calf bottles and nipples. Milk was 
weighed and fed twice a day in amounts of two to three pounds per feeding, 
depending upon the size of the calf. The organism used in the experiments 
was a strain isolated from the tissues of a calf that had died from calf scours 
on a local farm. This strain* later proved to be an anaerogenic E. coli sero- 
type 026: B6” identical with type 3 isolated from calves by Mrskov.” The 
organism was grown in veal infusion broth for six to seven days and then mixed 
with equal parts of additional veal infusion broth and incubated at 37° C. for 
two hours. Ten ml. of this culture was administered to the calf in the first 
milk it consumed. This six- to seven-day culture was made available for use 
upon the arrival of the calf at the laboratory by inoculating a tube of broth 
each day. Every week a new broth culture was started from the stock culture. 
Records were maintained on milk consumption, temperature, and the appear- 
ance of diarrhea throughout the experiment. Thirty-two calves deprived of 
colostrum and eight calves that received colostrum were used in this investi- 
gation. Four of the calves deprived of colostrum were used as controls and 
received no culture in the first feeding, while 22 calves deprived of colostrum 


* We wish to thank William H. Ewing of the Communicable Disease Center, Atlanta, Ga., for typing this 
ture, 
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TABLE 1 


RESULTS OF ExPOSURE OF NEWBORN CALVES TO A PATHOGENIC 
Strain or E. corr 


no. Exposure to E. coli aealbies Became ill Died Recovered | No illness 
22 Fed culture No 20 14 6 2 
7 Fed culture Yes 3 1 2 4 
4 None—control No 0 0 —_— 4 
6 Contact No 6 6 0 0 
1 Contact Yes 0 0 —_ 1 


* Received colostrum prior to being exposed to Z. coli. 


and seven that had received colostrum were given the infective organism. As 
shown in TABLE 1, 20 of the 22 calves not receiving colostrum became ill and 
developed a diarrhea. Fourteen of these died, six recovered, and two showed 
no illness. Of the seven calves receiving colostrum, three became ill and one of 
these died. Four showed no illness. The four control calves remained com- 
pletely healthy throughout the experiment. In the other phase of the experi- 
ment, calves that had shown no illness during exposure to the feeding experi- 
ment were used as infected carrier contact animals. Six additional calves that 
had not received colostrum were placed in contact with one or more of these 
animals. ‘The contact was made individually as the newborn calves were re- 
ceived at the laboratory by simply placing them in the same isolation unit with 
the carrier calves. All of the six animals thus exposed became ill and all died. 
One animal that received colostrum before exposure in this manner showed no 
illness. It should be mentioned that all of the six contact animals that died 
suffered from very acute cases of the disease. Two of them died of septicemia 
even before scouring became evident. A significant factor in these results was 
that calves being retained in the dairy herd that was the source of the experi- 
mental calves during this period had developed no cases of calf scours. This 
further emphasized the pathogenicity of the organisms fed in the experiment. 

Another observation was that control calves that had received no colostrum 
showed no illness when exposed to E. coli per os several days after birth. In 
fact, one animal was exposed two days after birth and after four feedings of 
pasteurized milk. There was no evidence of illness. 

None of the animals used in these experiments developed pneumonia. Even 
those that became ill and subsequently recovered showed no evidence of respira- 
tory congestion or pneumonia. 

It is recognized that these preliminary experiments left much to be learned. 
They did confirm the fact, however, that calves can be infected by oral ad- 
ministration of a specific strain of the organism. Furthermore, calves can be 
raised without colostrum and without calf scours if conditions are ideal. This 
seems to verify the concept that the organism is most effective when it is 
present in the first food the animal consumes. ‘The data in TABLE 1 are some- 
what misleading in that calves receiving no colostrum were exposed to the 
organism with the first feeding, whereas calves that had received colostrum 
were fed the organism at the next regular feeding. 


Dunne ef al.: Diarrhea in Calves 133 
Further Evidence that a Bacterial Agent is Involved 


Those who would classify EZ. coli as simply a secondary factor in calf scours 
and who would favor the theory that a virus is the initiating factor will still 
agree that, in acute scours occurring clinically within 48 to 72 hours after birth, 
the infecting agent surely must be acquired at the time of parturition or shortly 
thereafter. With this in mind it is well to consider the effects of preventive 
treatments that could control bacterial but not viral infections. 

During the months of December 1950 and January 1951, Bortree e¢ al. 
observed almost 100 per cent morbidity from calf scours in calves born in the 
Pennsylvania State University dairy herd. Beginning on January 21, 1951, 
each calf born was given a 500 mg. dose of Aureomycin within the first several 
hours after birth. Sixty-seven calves were born in the next seven months. 
Only one calf in this group died. That animal was weak and weighed only 35 
Ib. at birth. Forty of the 67 calves did not develop a diarrhea after the single 
oral treatment with Aureomycin. Twenty-one others required a second 
dose of Aureomycin within two to three days. The remaining four calves 
received additional treatment. When preventive treatment was discon- 
tinued, early in August 1951, 13 of 23 calves born in the ensuing 6 weeks de- 
veloped scours. 

Pearson™ reported the effectiveness of oral Terramycin as a preventive treat- 
ment of calves for calf scours on six heavily infected farms. Twenty-one calves 
were given 0.5 gm. of Terramycin orally within the first 24 hours after birth. 
A similar dose was given in 12 to 24 hours, and no other precautions taken. 
Not one case of calf scours developed. Control calves were kept on two of the 
farms. All of these controls developed calf scours. 

From these experiments it appears obvious that treatment of the intestinal 
tract of the newborn with a bacteriostatic agent on the day of birth and for 
not longer than the first two to three days after birth was sufficient to control 
severe endemics of calf scours. 

If the primary infecting agent were a virus acquired at the time of birth and 
if it reached its peak of propagation within three days, it appears that there 
would still be ample time for secondary invasion by facultative pathogens even 
though their propagation had been temporarily inhibited by a bacteriostatic 
agent for the first 24 to 72 hours. In the experiments cited, however, the in- 
hibition of excessive bacterial growth for 24 to 72 hours after birth effectively 
prevented the occurrence of calf scours. This is believed to be evidence of 
the control of a bacterial agent that was a primary etiological factor, rather 
than the control of a secondary invader. 


Summary 


Recognizing that other etiological factors have been shown to cause diarrhea 
in calves, the authors have attempted to present evidence from a review of the 
literature and from laboratory experiments to emphasize the importance of 
E. coli in the enteric conditions that occur within the first 72 hours after the 
birth of the calf. 

Evidence presented in this paper, which strengthens the theory that E. coli 


134 Annals New York Academy of Sciences 


is a primary etiological agent in calf scours, may be summarized as follows: 


(1) E. coli has been isolated more times than any other organism from calves 


dying of calf scours. 


(2) Calf scours was effectively reproduced in susceptible calves under con- 


trolled conditions by feeding small amounts of a pathogenic strain of the 
organism in the first milk consumed after birth. Control calves in the labora- 
tory and in the parent herd remained free of the disease. 


(3) Control of intestinal bacteria at birth by bacteriostatic agents prevented 


the occurrence of calf scours in the endemics reported. 


(4) The absence of pneumonia in animals dying from calf scours in the trans- 


mission experiments cited suggests that calf scours caused by E. coli is a differ- 
ent entity from the pneumoenteritis of viral etiology. 


NR 
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THE ROLE OF PARACOLOBACTRUM AND PROTEUS 
IN INFANTILE DIARRHEA 


By Charles D. Graber and Matthew C. Dodd 
The Ohio State University, Columbus, Ohio 


Probably the outstanding feature of the literature on the early bacteriology 
of infantile diarrhea is the consistent indication of the diverse etiology of this 
disease. The more recent recognition of the enteropathogenic Escherichia colt 
and its causal relationship to certain outbreaks of infantile diarrhea, adequately 
presented elsewhere in this monograph, has added still another bacterial species 
to the already long list of possible incitants of this clinical entity. The proba- 
bility that one or more viral agents may also have to be included in the near 
future is indicated by other studies published in this monograph. 

Time does not permit even a listing of the variety of bacterial species in- 
criminated, at one time or another, as the cause of diarrhea in infants. It 
should be sufficient to note that members of such divergent genera as Pseudo- 
monas, Alcaligenes, and Staphylococcus, as well as various types of enterococci, 
have been reported in sporadic or epidemic outbreaks. Prior to 1945, however, 
the agents most frequently reported, aside from the classical Salmonella and 
Shigella, were Paracolobactrum and Proteus. 

The purpose of this presentation is to attempt to evaluate the role of these 
two groups in infantile diarrhea. The major obstacle encountered is the lack 
of any clear-cut demonstration of pathogenicity by these organisms for the 
gastrointestinal tract of the newborn. ‘The alternative is to consider the evi- 
dence that has accumulated, almost since the original identification of these 
organisms, in the form of clinical, bacteriological, and epidemiological observa- 
tions linking Paracolobactrum and Proteus to outbreaks of infantile diarrhea. 

This is made difficult, especially in some of the early reports on Paracolo- 
bactrum, by the problems of classification. In addition, the knowledge that 
methods for the identification of the enteropathogenic strains of EZ. coli were not 
available makes it obvious that the investigations of the bacteriology of some 
of these reports could not have been complete and thus, to some extent, ques- 
tions their validity. The latter problem is exemplified by the experience re- 
ported by Neter! in 1952 with stools obtained from two outbreaks of infantile 
diarrhea that had occurred in upper New York State in 1947. Previously, 
cultures of these stools had produced no evidence of the presence of any known 
pathogenic enteric bacteria, and attempts to isolate a virus, carried out in the 
laboratories of the New York State Health Department in Albany, N. Y., were 
unsuccessful. Fortunately, fecal samples had been frozen and, five years 
later, cultures of H. coli, 0111 were obtained from five of the seven samples. 

Almost from the time of their first recognition, so-called “paracolon” bacilli 
have been associated with infantile diarrhea, and although exact identification 
by the methods employed in early reports is impossible, there is little doubt 
that these refer to Paracolobactrum. There is also little doubt as to the authors’ 
conclusions as to the etiologic roles of these agents in the disease. Thus, as 
far back as 1893, paracolon bacilli were described by Gilbert and Lion? in Eng- 
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land as aberrant coliform organisms that fermented lactose slowly and were of 
clinical significance in infantile diarrhea but not in adult dysentery. Similar 
findings were reported by Morgan and Ledingham,’ also in England, in 1909. 
Twenty years later, Fothergill* isolated 32 strains of late-lactose-fermenting 
coliform bacteria from infants suffering from acute diarrhea; these strains, he 
concluded, were “unagglutinable paratyphoid bacilli,” and were of etiologic 
significance in infantile diarrhea. 

More recently, attempts have been made to assess the pathogenicity of 
paracolon organisms by comparative studies of their occurrence in the gastro- 
intestinal tracts of infants with diarrhea and in those of healthy infants. Com- 
parative data by Neter and Clark® and Neter® indicated that in approximately 
64 per cent of a group of 39 diarrheic infants from whom paracolon bacteria 
were isolated, no other potentially pathogenic enteric microorganisms were 
found, while the occurrence of paracolon bacilli in the stools of 50 healthy in- 
fants was reported to be 22 per cent. Neter concluded that these organisms 
may be the primary cause of diarrhea in small outbreaks in institutions, but 
that the significance of their presence in sporadic cases was difficult to deter- 
mine. Similar conclusions were reached by Berger’ in England concerning an 
organism he identified as Baclerium wakefield from cases of infantile diarrhea 
and which he could not detect in stools of healthy infants. Sevitt,$ in Dublin, 
Republic of Ireland, reported isolation of paracolon bacteria from 26 per cent 
of 400 cases of diarrhea and enteritis and claimed that cultures of these or- 
ganisms, when fed to kittens, produced an enterocolitis resembling diarrhea in 
infants. 

While a few reports such as those by Stuart® and Plass,!° show that anaero- 
genic strains of the genus Providencia have been involved in outbreaks of diar- 
rhea in adults as well as in infants, other evidence has been presented that 
minimizes the role of Paracolobactrum even in outbreaks of infantile diarrhea 
where such organisms have been isolated. Thus, although Brown" in Australia 
isolated what was evidently an anaerogenic strain of Providencia from 13 cases 
of gastroenteritis, all of whom had demonstrable, specific agglutinins in their 
sera that were absent from sera of healthy infants, she indicated that the or- 
ganisms were capable of causing only a mild gastroenteritis in infants. Simi- 
larly, Gauvreau” stated that the 25 infants in a group of 47 from which he 
isolated paracolon organisms during an outbreak of diarrhea in a Canadian 
foundling home were the least ill and had fewer stools, which convinced him of 
their unimportance. 

Careful examination of the clinical, epidemiological, and bacteriological 
data included in these instances, and others not cited, confirm the conclusions 
of the various authors who mostly agree that Paracolobactrum may be the cause 
of outbreaks or small epidemics of infantile diarrhea, especially in institutions. 
Several extensive examinations of the sporadic occurrence of these organisms, 
however, have not been nearly as convincing. Buttiaux et al. found anaero- 
genic paracolon strains in epidemic infantile diarrhea, but also reported these 
organisms present in 1.5 per cent of the stools of both healthy and diarrheic 
infants. Singer and Bar-Chay" isolated a strain of Providencia from 10 per 
cent of stools of 116 infants under 1 year of age who were suffering from diar- 
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rhea, but they also found these organisms in 3.25 per cent of 5400 stool speci- 
mens from diarrheic children of all ages. These authors were unable to 
come to a definite conclusion as to the pathogenicity of Paracolobactrum. 
Graber and Lincoln, however, recently reported a thorough bacteriological 
study of the occurrence of Providencia paracolons in the stools of 341 infants 
under 1 year of age suffering from diarrhea in four Denver, Colo., hospital 
pediatric wards. In all instances, procedures for identifying all known bacterial 
agents of this disease were also performed. Paracolon organisms of all types 
were recovered, but the occurrence was approximately 3 per cent in 341 cases 
and included only 1 strain of Providencia. Furthermore, none of these could be 
incriminated as the etiological agent. Graber and Lincoln concluded that 
paracolon organisms comprised an unimportant part of the flora of diarrheic 
infants. 

Various species of Proteus also have been associated with infantile diarrhea 
by many different investigators over a period of more than 50 years, beginning 
with Booker!® in 1896, who stated that Proteus vulgaris was undoubtedly an 
incitant of “summer diarrhea” of infants but that it was seldom encountered 
in “mild diarrheas” of this age group. In 1914, Metchnikoff” concluded that 
B. proteus was the principal agent in diarrheal diseases of infants and claimed 
that monkeys fed infant fecal material developed diarrhea. Since that time 
numerous publications have appeared in which Proteus species have been cited 
as agents of infantile diarrhea and, during-the last 15 years, most reports have 
usually dealt with 1 or 2 biotypes, especially P. vulgaris and P. morgan. In 
fact, several instances involving fatal infections with these two species have 
been reported in which attempts to prove the presence of other known agents 
were unsuccessful. Neter and Bender’ and Neter and Farrar’? between 1941 
and 1943 reported a total of 18 cases of enterocolitis in infants due to either of 
these two Proteus species, 6 of which were fatal. Labrinacos et al.?° cultured 
P. vulgaris from the stools of 20 infants involved in an outbreak of gastro- 
enteritis in a foundling home in Athens, Greece. Five cases were fatal, and 
the authors concluded that P. vulgaris was the causative agent. 

As with Paracolobactrum, this type of evidence seems to point to a definite 
capacity of these two Proteus species to act as incitants in small epidemics or 
outbreaks of infantile diarrhea. A third biotype, P. rettgeri, has been classified 
as a pathogen by Singer et al.,2" who isolated it from 10.3 per cent of cases of 
diarrhea in infants and in only 0.89 per cent of healthy babies over a period 
from 1950 to 1954. This low incidence of Proteus in healthy infants was noted 
by Snyder” in 1940 during a study of the normal flora of the gastrointestinal 
tract of children between the ages of two weeks and one year. Such findings 
emphasize the possibility that these species may act as “true” pathogens in 
the intestinal tract of infants. In contrast to these observations, however, are 
the data of Graber and Lincoln! in which Proteus strains were encountered only 
20 times in 607 stool cultures of diarrheic infants in Denver hospitals, while in 
a previous survey of 538 healthy and diarrheic infants in the same city, Graber 


and Dunlop” had noted that Proteus species were an insignificant part of the 
gastrointestinal flora. 
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Except for the evidence of Singer mentioned above, there is little or no evi- 
dence that either Paracolobactrum or Proteus organisms in the gastrointestinal 
tract of infants are “opportunists” causing individual or sporadic cases when 
innate or natural resistance is decreased. Assuming that the data presented 
here are sufficiently convincing of the capacity of some strains of these organ- 
isms to produce small epidemics or outbreaks of gastroenteritis in infants, the 
evidence available today indicates that certain strains of Providencia, and of 
Proteus morganui, P. vulgaris, and P. retigeri, are “transient” flora capable of 
the role of “true” pathogens. Before such a conclusion can be reached, how- 
ever, several factors inherent in the problem must be examined further. For 
example, considerable discrepancy appears in the reported occurrence of some 
of these organisms in healthy infants in surveys carried out in different parts 
of the world. This might be the result of the presence or absence of the carrier 
state about which nothing is known with reference to these organisms. Fur- 
thermore, as pointed out earlier, caution must be exercised in the interpretation 
of data on outbreaks in which complete examinations for all the known bac- 
terial pathogens were not, or could not be, performed. 

Aside from the epidemic form just considered, there is little evidence that 
either Paracolobactrum or Proteus is important as a causative agent of acute, 
infectious diarrhea in children under one year of age. The data of Graber and 
Lincoln demonstrate that organisms of each group were isolated in only 3.5 
and 6 per cent, respectively, of 341 cases. This work included examinations 
for all known bacterial pathogens. It is perhaps even more interesting that 
none was demonstrable in 242 cases, or approximately 71 per cent (TABLE 1). 
No tests for the presence of viral agents were performed, but the need for in- 
formation concerning the possibility of viruses alone, or in combination with 
bacteria, as possible etiologic factors in this disease is obvious. Other studies 
of the bacterial flora of the feces of nonepidemic cases of the disease have shown 
results similar to those of Graber and Lincoln. 

In summary, certain species of Paracolobactrum, particularly certain anaero- 
genic strains of Providencia, and of Proteus vulgaris, P. morganu and P. rettgert 
have been associated frequently with outbreaks or epidemics of infantile diar- 
rhea, especially in hospitals and institutions housing children of less than one 
year of age. None of these agents is encountered regularly in nonepidemic or 
sporadic cases, and their incidence in the feces of healthy infants is also quite 
low. These facts suggest that the role of these agents in epidemics in which 
they are found as etiologic agents is that of “true” pathogens. It was also 


TABLE 1 


Tue INCIDENCE OF POTENTIALLY PATHOGENIC ENTEROBACTERIA 
In 341 Cases oF INFANTILE DIARRHEA 


Salmonella, Shigella| E.coli serotypes |Paracolon bacteria Proteus None 


Total cases 


ef | | a | 


341 17 4.98 50 14.6 12 3.5 20 Sl 242 71 
———— ——_____—__—s—s_._.___ 
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pointed out that complete examination of the bacterial flora of nonepidemic 
cases of diarrhea in children under one year of age failed to determine the cause 
of a majority of these cases. 


References 


. Neter, E., R. F. Korns & R. E. Trussett. 1953. Association of E. coli serogroup 


0111 with two hospital outbreaks of epidemic diarrhea of the newborn in New York 
state during 1947. Pediatrics. 12: 377. 


. Grpert, A. & G. Lion. 1893. (Quoted by P. Gyorgy) 1920. Centr. Bakt. Abt. 


Orig. 84: 321. 


. Morcan, H. & J. C. G. Lepincnam. 1909. Bacteriology of summer diarrhea. Proc. 


Roy. Soc. Med. 2: 133. 


. Fornercitt, L. D. 1929. Unusual types of nonlactose fermenting gram-negative 


bacilli from acute diarrhea in infants. J. Infectious Diseases. 14: 393. 


. Neter, E. & P. Crarx. 1944. The isolation of Proteus morganii type 1 and paracolon 


bacilli from selective culture media. Am. J. Digestive Diseases. 11: 359. 


. Neter, E. 1945. Paracolon and Proteus bacilli in the feces of healthy infants. J. 


Pediat. 26: 390. 


. Bercrer, F. M. 1945. A new non-mannite fermenting dysentery organism of the 


Flexner group. J. Hyg. 44: 116. 


. Sevirt, S. 1945. Bacteriological investigations into the causation of diarrhea and 


enteritis in Dublin in 1942-43. J. Hyg. 44: 37. 


. Stuart, C. A., K. M. WHEELER, R. RusticIAn & A. ZimMERMAN. 1943. Biochemical 


and antigenic relationships of the paracolon bacteria. J. Bacteriol. 45: 101. 


. Prass, H. F. 1947. Outbreak of diarrheal disease associated with paracolon. J. Lab. 


Clin. Med. 32: 886. 


. Brown, G. W. 1952. Anaerogenic paracolon bacilli associated with gastro-enteritis 


in children. Med. J. Australia. 19: 658. 


. GauvreAv, L. 1952. Les Bacilles Paracoli dans les Enterites de la Premiere Enfance. 


Laval méd. 17: 33. 


. Burtraux, R., A. Tacquer & A. Kestetoor. 1949. Sur l’action pathogene pour 


Vhomme des bacilli para-coli. Ann. inst. Pasteur. 1: 1016. 


. SINGER, J. & J. Bar-Cuay. 1954. Biochemical investigations of Providence strains 


and their relationship to the Proteus group. J. Hyg. 52: 1. 


. GRABER, C. D. & A. Lincotn. 1955. Infantile diarrhea in the Denver area: The role 


of Proteus and Providencia organisms in this disease. Pediatrics. 6: 585. 


. Booxer, W. D. 1897. Bacteriological and anatomical study of the summer diarrheas 


of infants. Johns Hopkins Hospital Repts. 6: 159. 


. Mercunikorr, E. 1914. Etudes sur la Flora Intestinale les Diarrheas des Nourrissons. 


Ann. inst. Pasteur. 28: 89. 


. Nerer, E. & N.C. BenpER. 1941. Bacillus morganii Type 1 in enterocolitis of infants. 


J. Pediat. 19: 53. 


. Neter, E. & R. H. Farrar. 1944. Proteus vulgaris and Proteus morganii in diarrheal 


disease of infants. J. Digestive Diseases. 10: 3. 


. Lasrinacos, P., Metissakis & VAssArpANIS. 1954. Sur une epidemie d’affection 


Gastro-intestinale 4 Proteus vulgaris. Arch. Fran. Pediat. 10: 714. 


. Smncer, J. M., J. Bar-Cuay & R. HoenicsBerc. 1955. Intestinal flora in the etiology 


of infantile infectious diarrhea. J. Diseases Children. 89: 531. . 


. SyyDER, M. L. 1940. The normal fecal flora of infants between 2 weeks and one year 


of age. J. Infectious Diseases. 66: 1. 


. GraBer, C. D. & S. Duntop. 1954. Incidence of serologic types of E. coli. associated 


with infantile diarrhea among pediatric patients in the Denver area. J. Lab. Clin. 
Med. 44: 416. 


THE BACTERIAL HEMAGGLUTINATION TEST FOR 
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Sackingen, Federal Republic of Germany. 


INTRODUCTION 


The laboratory diagnosis of enteric infections due to gram-negative bacilli, 
with the notable exception of typhoid fever, is based largely on the recovery 
of the pathogen from the patient. The serological diagnosis on the basis of 
the demonstration of an increased titer of bacterial agglutinins is not carried 
out routinely. In part, this is due to the fact that in infections caused by 
Salmonella, Shigella, and Escherichia a large battery of antigens representing 
various serogroups or serotypes is required; and, to some extent, the entero- 
bacterial agglutination test is not sufficiently sensitive, particularly in young 
infants, to detect low levels of antibodies. Studies of the enterobacterial 
hemagglutination test have revealed, as will be shown in this paper, that this 
method overcomes to a large extent the above-mentioned shortcomings of the 
conventional agglutination test. Observations on the monovalent and poly- 
valent enterobacterial hemagglutination tests and the hemolytic modification 
of these tests are recorded here, and the potential usefulness of these methods 
for the diagnosis and epidemiological investigation of enterobacterial diarrheal 
disease is documented. 


MATERIALS AND METHODS 


Antigens. Crude antigens of Salmonella, Shigella, and Escherichia were 
prepared as follows: 

The strains were grown on brain veal agar (Difco) in Kolle flasks at 37° C. 
for 18 to 20 hours. The resulting growth was harvested in 25 ml. of phosphate 
buffer (pH 7.3; Difco) or in unbuffered, physiological saline solution. The 
suspension was then heated in boiling water for one hour, and the supernate 
was obtained by centrifugation in the refrigerated centrifuge. This supernate 
was then ready for use in the hemagglutination test. The heated suspension 
was used as antigen in the conventional bacterial agglutination test. Treat- 
ment of the unheated supernate (saline) with NaOH for the activation of the 
antigen was carried out according to the method of Macpherson et al." 

Purified lipopolysaccharides were prepared by the phenol/water extraction 
method of Westphal and his associates, followed by fractionation with organic 
solvents and ultracentrifugation.2»* Some of these lipopolysaccharides were 
freed of nucleic acids, others were not. Several Escherichia coli lipopolysac- 
charides were made available by the Difco Laboratories, Detroit, Mich., 
through the kindness of William H. Schoenlein. These purified antigens were 


* This investigation was supported in part by a research grant (E-658) from the National Microbiological 
Institute, Macensl Institutes of Health, Public Health Service, Department of Health, Education and Welfare, 
Bethesda, 
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dissolved in phosphate buffer for use in the unheated or heated (1 hour at 100° 
C.) form or in physiological saline solution for subsequent NaOH treatment, 
as mentioned above. 

Sonic-treated bacterial suspensions were kindly prepared in the magneto- 
strictive oscillator (Raytheon Manufacturing Company, Waltham, Maass., 
Model DF-101) by W. S. Hammond of the Lederle Laboratories Division, 
American Cyanamid Company, Pearl River, N. Y. 

Hemagglutination and hemolysis tests. The enterobacterial hemagglutination 
test was carried out as follows: 

Red blood cells of sheep or man (blood group O) were washed three times in 
phosphate buffer in order to remove serum that inhibits the adsorption of 
enterobacterial antigens on erythrocytes.“* To the packed red blood cells 
was added the respective crude or purified antigen in suitable dilution. The 
final concentration of red blood cells was 2.5 per cent. The mixture, after 
thorough shaking, was incubated in a water bath at 37° C. for 30 minutes. 
In some experiments this treatment was carried out also at other temperatures, 
as mentioned later. The treated (modified) erythrocyte suspension was then 
washed three times in phosphate buffer in order to remove excess antigen, which 
may interfere with hemagglutination or hemolysis. ‘The suspension of modified 
red blood cells (volume 0.2 ml.) was then added to antiserum in serial dilutions 
(0.2 ml.) obtained from immunized animals or procured from patients. The 
mixtures were incubated in a water bath at 37° C. for half an hour and then 
centrifuged at approximately 1000 rpm for 1 to 2 minutes. The resulting 
agglutination of the red blood cells was read grossly. Mention should be made 
of the fact that in a strongly positive test the erythrocytes are agglutinated in 
a single solid clump. In the hemolytic modification of this hemagglutination 
test, guinea pig (Carworth Farms; dilution 1:20) or human complement (vol- 
ume 0.1 ml.) was added to the modified red blood cells and antiserum. Hemol- 
ysis was read after incubation at 37° C. for 30 minutes. In a few experiments 
the incubation period was 2 hours, and the resulting hemolysis was read after 
centrifugation by inspection of the supernate. Minimal but definitive hemag- 
glutination or hemolysis were taken as end points in titration tests. 

The polyvalent enterobacterial hemagglutination test and its hemolytic 
modification were performed by treating red blood cells with a mixture of 
either crude or purified lipopolysaccharide antigens. 

Hemagglutinin absorption tests. Two different methods were used in absorp- 
tion experiments. In one, either the antiserum (volume 0.2 ml.) in suitable 
dilution was mixed with 0.1 ml. of the purified enterobacterial antigen in serial 
dilutions or, alternatively, a standard amount of the antigen was added to the 
serum in serial dilutions. The mixtures were incubated in a water bath at 
37° C, for 15 minutes. Appropriately modified red blood cells were then added, 
and the hemagglutination test was carried out as described above. In the 
second type of absorption experiment, packed, modified red blood cells were 
used for absorption of the antiserum. The mixture was incubated at 37° C. 
for 15 minutes. The absorption was repeated as necessary, and the super- 
nate was then titrated as described above. Appropriate controls (heterologous 
antigen, phosphate buffer, or untreated red blood cells) were included. 
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Bacterial agglutination test. In the bacterial agglutination test, antiserum 
in serial dilutions (volume 0.25 ml.) was mixed with equal amounts of the 
heated bacterial suspension. Incubation was carried out at 50° C., and the 
resulting agglutination was read grossly after 1 hour and 18 hours, respectively. 

All serum specimens were inactivated for 30 minutes at 56° C. prior to anti- 
body titration. Unless used immediately after procurement, they were stored 
in the deep freeze. All comparative hemagglutination and bacterial agglutina- 
tion tests were carried out with the identical serum dilutions. Whenever 
more than one serum specimen from a patient was titrated, the tests were done 
on the same day with identical indicator systems. 

Antigen titration. ‘Titration of the enterobacterial antigens was carried out 
by means of the hemagglutination or hemolysis inhibition tests as follows: 
serial dilutions of the antigen (volume 0.1 ml.) were mixed with 3 to 4 minimal 
hemagglutinating or hemolyzing units of the corresponding antiserum. The 
mixtures were kept in a water bath at 37° C. for 15 minutes. Suitably modified 
red blood cells were than added, and the hemagglutination test (or its hemolytic 
modification in the presence of complement) was carried out as described above. 


RESULTS 
Basic Aspects of the Enterobacterial Hemagglutination Test 


Studies of crude and purified enterobacterial antigens. In the preliminary 
study of the Escherichia coli hemagglutination test, unheated bacterial suspen- 
sions were employed, and only equivocal results were obtained. It was not 
until heated suspensions were used that clear-cut modification of red blood 
cells was effected.’:* Analysis of the effects of heat on the erythrocyte-modify- 
ing capacity of the bacterial suspension revealed two independent results: (1) 
that heat liberates large amounts of antigen from the bacterial cells into solu- 
tion, and (2) that heat enhances materially the erythrocyte-modifying capacity 
of the soluble crude antigens. ‘These conclusions are based on the results of 
repeated experiments, a typical one being summarized in TABLE 1. Both the 
suspension and the supernate were titrated for antibody-neutralizing and 
erythrocyte-modifying capacities. It will be noted that the antibody-neutral- 


TABLE 1 


Errects or Heat ON ANTIBODY-NEUTRALIZING AND ERYTHROCYTE- 
Moprryine Capacities oF EH. cozr ANTIGENS 


Titers of 
Unheated Heated 
Tests 
E, coli O111 antigens 
Suspension Supernate Suspension | Supernate 
Antibody neutralization.......... 1:400 1:200 1:3200 1:200 
epthtoerte modification......... <1:50 negative 1:3200 1:160 


(1:1) 


————— SSeS 
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TABLE 2 
Tue ANTIBODY-NEUTRALIZING AND ERyYTHROCYTE-MopIFyING CAPACITIES OF 
SupernaTES OF FH. cozr O111 SusPENSION BEFORE AND 
AFTER ExpPosuURE TO SONIC ENERGY 


Titers of 
“‘Sonic-treated”’ Control 
Tests 
Supernates 
Unheated Heated ee Unheated | Heated ete: 
Antibody neutralization....... 1:6400 1:1600 | 1:3200 1:800 1:400 | 1:400 
Erythrocyte modification. ..... negative | 1:2000 | 1:4000 | negative | 1:200 | 1:100 
(1:1) (1:1) 


izing capacity of the heated suspension is far greater than that of the unheated 
suspension, whereas no such difference exists between unheated and heated 
supernates. Both the unheated suspension and the unheated supernate failed 
to modify red blood cells. After being heated, however, they readily accom- 
plished modification. In fact, the heated preparations were from 60 to 160 
times as effective as red blood cell-modifying antigens than the unheated prep- 
arations. Similar results were obtained with sonically treated suspensions, as 
summarized in TABLE 2. In this particular experiment, the effect of NaOH 
on the antigen was also studied. Both heat and NaOH treatment enhanced 
substantially the erythrocyte-modifying capacity of the supernates without 
causing a corresponding increase in antibody-neutralizing ability. Studies to 
be reported elsewhere in detail’ and already briefly summarized" revealed that 
heat and sodium hydroxide treatment have the same effects on purified entero- 
bacterial lipopolysaccharides as they do on the crude soluble antigen; namely, 
they enhance the erythrocyte-modifying but not the antibody-neutralizing 
potencies. 

Purified enterobacterial lipopolysaccharides, even without treatment with 
heat or NaOH, may modify red blood cells although these treatments have 


TABLE 3 


Minmart Amounts (uG/ML.) oF SALMONELLA LIPOPOLYSACCHARIDES 
FOR MOoprricATION OF ERYTHROCYTES 


Salmonella lipopolysaccharides 

Groups of Salmonella lipopolysaccharides 

Untreated Heated NaOH-treated 
S. paratyphi A (A)... . 60.0.0... 100 25 10 
S. paratyphi B (B)........000..-- 200 65 1.25 
Se thompson (Cy) hana eee >1000 12 2.5 
Se mermport (Ca) aian s cie ss a dare areebe 250 6 5 
S-galmarum (D) xc. cece cck vs 6 1.5 0.6 
S. anatum (Ey). 00... eee e cee e es >1000 12 0.6 
Samewington (Ws)eo.\.1.02 0 eee ity 3 0.6 
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invariably enhanced the red blood cell-modifying capacity of these compounds. 
Recently, purified lipopolysaccharides were prepared from strains of Salmonella 
representative of the more common serogroups. The erythrocyte-modifying 
capacity of the unheated, heated, and NaOH-treated antigens was determined 
by means of the hemagglutination test and homologous Salmonella antisera; 
the latter were kindly supplied by Ivan Saphra of the New York Salmonella 
Center, New York, N. Y. The results of these experiments are summarized 
in TABLE 3. It is evident that there are remarkable differences in the minimal 
amounts of these untreated lipopolysaccharides sufficient for red blood cell 
modification. Furthermore, both heat and NaOH treatment substantially 
enhance this capacity, although to different degrees with different antigens. It 
remains to be determined whether these results are characteristic of the respec- 
tive lipopolysaccharides or are due to the particular process of preparation of 
the individual strains used. 

Studies of modification of red blood cells. It was previously shown" that in 
the absence of electrolytes, erythrocytes are not modified by crude E. coli 
antigens. Further studies have revealed that electrolytes are needed also for 
the adsorption of purified enterobacterial lipopolysaccharides, inasmuch as 
modification does not take place when the treatment is carried in 5 per cent 
glucose or 5 per cent sucrose solution, but is readily effected when isotonic 
solutions of NaCl, KCl, or sodium citrate are used. It is interesting to men- 
tion that isotonic CaCle solution does not permit adsorption of the purified 
antigens by erythrocytes. This observation has been made repeatedly, pro- 
vided that CaCl: solution is used (1) as diluent for antigen, and (2) as washing 
and suspending fluid for erythrocytes, prior to, during, and after treatment 
with the antigens. On the other hand, the hemagglutination test itself is 
carried out in buffer solution. The reason for the failure of CaCl: to allow 
red blood cell modification remains obscure and requires further investigation. 

Myron A. Leon, of Saint Luke’s Hospital, Cleveland, Ohio, called our atten- 
tion to his observation of the temperature dependence of the erythrocyte- 
modification phenomenon (personal communication). Our own studies have 
revealed that, indeed, modification with crude and purified enterobacterial 
lipopolysaccharides takes place only to a minimal or questionable degree at 
2° C. Room temperature permits better modification, although not to the 
same extent as do 37° C. and 50° C. These observations eventually may aid 
in the elucidation of the precise nature of the modification reaction. 

It has been shown previously that red blood cells are capable of adsorbing 
several antigens, either simultaneously or consecutively.*: *»™ Modification 
of red blood cells by six different Z. coli lipopolysaccharide antigens has been 
accomplished, as shown in TABLE 4. It is seen that erythrocytes modified with 
either one or six lipopolysaccharides are equally good tools for the titration of 
the respective antibodies. Identical results were obtained with red blood cells 
treated with several Salmonella and Shigella antigens. The potential useful- 
ness of this polyvalent hemagglutination test for the detection of any homol- 
ogous antibodies in the serum of patients was first pointed out by Neter and 
Walker.4 Data obtained with the polyvalent hemagglutination test are 
recorded in TABLES 4, 7, 11, and 13. 
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TABLE 4 
MONOVALENT AND PotyvaALent 7. cozr Hemotysis Tests 
Hemolysis of sheep red blood cells modified by E. coli lipopolysaccharides 
i * Mixture 
E. coli antis S 
ueeaitaunnya 08 025 026 055 086 | Ol111 0127 igen. ‘ 
Titers (reciprocal) 
O8 1000 — — —— 1000 
025 _ 1000 _— — — — —_ 1000 
026 300 — 2700 _— _ — —_— 2700 
O55 5000 _ — 300 5000 
Oii1 a — 2700 _ 2700 
0127 — — = — — — 2000 2000 
Symbol — = less than 200. 


Enterobacterial hemagglutination versus hemolysis. It was shown previously 
that modified sheep red blood cells are readily lysed in the presence of rabbit 
antiserum and guinea pig complement.’ In contrast, no clear-cut hemolysis 
could be observed when modified human red blood cells were used in the same 
system, although sheep and human erythrocytes were agglutinated by the anti- 
serum to the same degree. The question arose as to whether lysis of modified 
human red blood cells could be affected in the presence of antibodies of human 
origin and of either guinea pig or human complement. An answer to this 
question was obtained by the use of a human serum devoid of antibodies but 
exhibiting complement function. This serum from a patient with agamma- 
globulinemia was kindly made available by James F. Holland of the Roswell 


TABLE 5 


AGGLUTINATION AND Lysis OF SHIGELLA FLEXNERI Mopiriep ERYTHROCYTES 
BY SERUM OF PATIENT WITH S. FLEXNERI DYSENTERY . 


Agglutination of Lysis of 
Human O Sheep Human O | Sheep 
Serum dilutions Cells in presence of 
Cells Guniea pig | Human | Guinea pig | Hiurpstt 
Complement 

1/50 4 4 au a 4 4 
1/100 3 3 _— _ 4 5) 
1/200 3 a — — Z 2 
1/400 2 2 —_ _ 1 1 
1/800 1 1 _ _ <2 = 
1/1600 — —_— _ — — = 

0 aS oH Le BL ss = 


eGQq75qNalneS50QQeeG50qQqQQqnanaoaooooaouoaoeee 
' Symbols: 0 = No agglutination or lysis; 1 to 4 = Various degrees of agglutination or 
ysis. 


a el 


Neter e¢ al.: Bacterial Hemagglutination Test 147 


TABLE 6 


Comparative Erricacy oF EH. cozr (0111) LieopotysaccHARIDE 
HEMAGGLUTINATION AND HEmotysis TrEstTs 


Sheep erythrocytes modified with Titers (reciprocal) of E. coli antiserum causing 
lipopolysaccharide in amounts 

(ug/ml) Hemagglutination Hemolysis 

500 12,800 25,600 

125 6400 25,600 

au! 3200 12,800 

8 1600 12,800 

2 800 6400 

0.5 100 3200 


Park Memorial Institute, Buffalo, N. Y. The results of this study are pre- 
sented in TABLE 5. It is evident that modified human erythrocytes are not 
lysed in the presence of either guinea pig or human complement, although both 
complements readily effect lysis of modified sheep red blood cells, and the 
antiserum causes agglutination of both sheep and human erythrocytes. 

In view of the observation of Leon to the effect that the optimal tempera- 
ture for lysis using human complement is from 30° C. to 32° C., the above 
experiments were repeated at this temperature. Again, no lysis occurred with 
modified human red blood cells, whereas correspondingly treated sheep red 
blood cells were readily lysed. The reason for the refractoriness of human 
erythrocytes to lysis in this system remains to be elucidated. It is clear that 
human red blood cells do not lend themselves as tools in the enterobacterial 
hemolysis test. 

It was previously shown that the hemolytic modification of the EZ. coli hemag- 
glutination test proved to be considerably more sensitive than the hemagglu- 
tination test when antisera obtained from rabbits, guinea pig complement, and 
sheep red blood cells were used.’ Further studies have revealed that, as shown 
in TABLE 6, the hemolysis test is markedly more sensitive than the hemagglu- 
tination test with weakly modified erythrocytes, but only slightly more sensi- 
tive with strongly modified red blood cells. 


APPLICATIONS OF THE ENTEROBACTERIAL HEMAGGLUTINATION TEST 


The E. coli hemagglutinin response of infants with diarrheal disease due to 
enteropathogenic E. coli. Previous studies on the antibody response of volun- 
teers to the ingestion of EF. coli 055 revealed that the titer of homologous anti- 
bodies was from 5 to 20 times higher with the hemagglutination method than 
in the conventional bacterial agglutination test.'® The superiority of the 
hemagglutination method was revealed also in the study of the antibody 
response of infants suffering from diarrheal disease due to E. coli 026." Since 
that time, observations have been made on other infants with sporadic diarrheal 
disease caused by enteropathogenic E. coli. The data are summarized in TA- 
BLE 7. It can be seen that rises in the titer of specific antibodies could be 
demonstrated by means of the hemagglutination method but not with the 
bacterial agglutination test. Furthermore, the table reveals that red blood 
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TABLE 7 
E. cont HEMAGGLUTININ RESPONSE OF INFANTS WITH FE. contr DIARRHEAL DISEASE 


Titers (reciprocal) of 


; . | Date of blood | &, coli h lutinins® 
Patient Age E. coli Seenimens: E. coli hemagglutinins Bacteria 
t 
Oil 026 ee agglutinins 
B. J. 3 months 111 1-8-55 
2-3-55 80 = 80 = 
a. 4 months 111 2-4-55 = = = = 
3-4-55 80 = 80 — 
Tabs 10 months 26 2-16-55 
2-22-55 = 80 80 — 
DAH: 3 months 26 2-16-55 
2-24-55 = 6 6 os 
3-10-55 — ily. 12 — 
3-30-55 — 24 24 — 
Symbol: — = less than 5S or 6, respectively. 


*O cells modified with culture supernate in dilution of 1:2. 
t O cells modified with both antigens. 


cells modified with two different E. coli antigens were agglutinated by the sera 
of the patients as well as those treated with the single homologous antigen 
only. In these particular tests crude E.coli antigens were used. It can be 
seen from the data presented in TABLE 8 that purified £. coli 0111 antigen was 
as suitable as the crude antigen. With both antigens an increase greater than 
eightfold was obtained in this seven-weeks-old infant. Attention should be 
called to the fact that the relatively low levels of hemagglutinins demonstrable 
in young infants necessitate the use of lower serum dilutions and/or of higher 
concentrations of the antigen. One must keep in mind also that interpretation 
of the results on a single blood specimen must be based on the occurrence of 
hemagglutinins in the particular age group of the population. In a study by 
the authors'* the distribution of E. coli hemagglutinins in various age groups 
was determined. It was found that these hemagglutinins were absent or pres- 
ent in low titer only in the blood of infants, and that the majority of older 
children and adults had such antibodies in higher titers. In the newborn, 
passively transferred hemagglutinins may be present, although in lower titers 
than in the maternal blood. It is obvious that passively acquired antibodies 


TABLE 8 


E. cotr HEMAGGLUTININ RESPONSE OF INFANT WITH 
E. corr 0111 Drarrneat DisEASE 


E. coli hemagglutinin titers (reciprocal) for O cells modified with 


Date of serum specimens 


E. coli O111 » os RO ORSES E. coli 026 
Pulause aapeatnte poe citinune aipeeanel 
2-4-55 <10 <10 <10 
2-8-55 <10 <10 <10 
3-5-55 80 80 <10 


EEE, 
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TABLE 9 


RELATIVE EFFIcAcy OF SALMONELLA HEMAGGLUTINATION AND 
AGGLUTINATION (CENTRIFUGE MopiFIcATION) TESTS 


Antibodies in serum of patient with Salmonella enteritidis 
gastroenteritis against 


er arin S. enteritidis E. coli (patient’s strain) 
Hemagglutinins Agglutinins Hemagglutinins Agglutinins 
a b a b a b a b 
1:20 3 4 1 3 1 f 1 3 
1:40 3 4 — 2 1 4 _— 3 
1:80 2 4 — il — 3 — 2 
1:160 2 4 = = — 2 (om 1 
1:320 1 3 = —= = 1 = —— 
1:640 —}/2/—]—}—]-—}|—]=— 
1:1280 oad 1 ca a = = i = 
1:2560 i a ek ee ee a a 
1:5120 —z 1 rs a Se = ae a 
1:10.240 —}/—]—-}]-}-}]-}]-]- 
0 a —. — 


Symbols: a = before centrifugation; b = after centrifugation; 1 to 4 = various degrees 
of hemagglutination or agglutination; — = no hemagglutination or agglutination. 


decrease in titer with age, and that an increase in the titer of these antibodies 
is due to the active formation of hemagglutinins. It is gratifying to the authors 
to learn that Stulberg and Zuelzer have been able to confirm, in principle, our 
results with the hemagglutination method and have shown the formation of 
E. coli 0127 hemagglutinins in some of their patients.!° 

The Salmonella and Shigella hemagglutination tests. Studies from this labora- 
tory have revealed that the hemagglutination test is a suitable method for the 
demonstration of the antibody response of children suffering from diarrheal 
disease due to Shigella sonnei and Salmonella.“ *° Recently, Braun, Seeliger, 
and Wagner” reported that the bacterial agglutination test can be made more 
sensitive if the mixture of antigen and patient’s serum is centrifuged after an 
appropriate period of incubation. For this reason it became of interest to 
compare the sensitivities of the hemagglutination with that of the centrifuga- 
tion modification of the agglutination test. Furthermore, it was considered 
important to determine the effects of Salmonella or Shigella infection on the 
heterologous antibody response, particularly on that against the patient’s 


TABLE 10 


Homotocous AND HETEROLOGOUS ENTEROBACTERIAL HEMAGGLUTININS IN 
Serum OF PATIENT WITH SALMONELLA TYPHIMURIUM ENTERITIS 


Titers (reciprocal) of hemagglutinins 


S. typhimurium| S. choleraesuis | * aes E. coli O111 | E.coliOss | S. flexneri | S. sonnei 


2650 == 40 = = ma = 


Symbol: — = less than 20. 
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TABLE 11 


Homotocous AND HETEROLOGOUS HEMAGGLUTININ RESPONSE OF 
PATIENT WITH SHIGELLA FLEXNERI INFECTION 


Titers (reciprocal) of hemagglutinins against 
Dates of blood 


Specimens | Patient’s | Patient’ .| E.coli | E.coli | S. choler-| S. typhi- All 

Ss gree i coli © | S. flexneri O11 it. Oss ; Polo Pn 8 antigens 
10-3-55 40 80 — 10 — 10 10 80 
10-11-55 2560 160 20 80 40 80 80 2560 
Symbol: — = less than 10. 


own strain(s) of Z. coli. The possibility exists that the lesion in the intestinal 
tract may make possible the entrance into the circulation of bacterial antigen 
from the nonpathogenic bacterial flora of the intestinal tract, resulting in anti- 
body formation. 

For these reasons, the study of the homologous and heterologous hemagglu- 
tinin responses of patients with salmonellosis and shigellosis was undertaken. 
TABLE 9 gives the data obtained on a patient with Salmonella enteriditis gastro- 
enteritis. It can be seen that (1) centrifugation of the mixture of bacterial 
suspension and patient’s serum enhances the resulting agglutination, (2) cen- 
trifugation also markedly increases the agglutination of modified red blood 
cells after incubation with the patient’s-serum, (3) the titer of Salmonella 
hemagglutinins is 64 times higher than that of the corresponding bacterial 
agglutinins, and (4) the titer of S. enteriditis hemagglutinins is 16 times higher 
than that of E. coli hemagglutinins. In numerous other cases, too, the hemag- 
glutinin titers were invariably higher than those of bacterial agglutinins. 

In many of our patients the titers of Salmonella or Shigella hemagglutinins 
were far higher than those of hemagglutinins acting on heterologous antigens. 
A typical example is summarized in TABLE 10, which reveals that S. typhi- 


TABLE 12 


HEMAGGLUTININ RESPONSE TO PATIENTS’? OWN STRAINS OF 
SHIGELLA FLEXNERI AND ESCHERICHIA COLI 


Titers (reciprocal) of 


Hemagglutinins Agglutinins 
Dates of blood specimens 


Against homologous 


S. flexneri E. coli S. flexneri E. coli 

Sibling 1 

10-3-55 40 160 — = 

10-7-55 160 320 = a 

10-11-55 2560 640 40 od 
Sibling 2 

10-7-55 80 320 = a 

10-15-55 2560 320 640 a 


Symbol: — = less than 20. 
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TABLE 13 


SEROLOGICAL EvENCE OF DoustE INFECTION WITH SHIGELLA 
FLEXNERI AND SALMONELLA CHOLERAESUIS 


Titers (reciprocal) of hemagglutinins 
Dates of blood 


specimens 5 : 
“ : E. col: E. col S. choler- |S. typhi-| S. 
S. flexneri | S. sonnei Oli. 033 : prices eet ae strat 
10-25-55 40 _ _— _— 320 20 20 320 
10-31-55 640 20 — — 1280 40 20 640 
Symbol: — = less than 20. 


ABSORPTION OF HEMAGGLUTININS 


Hemagglutinins 


Serum 
S. flexneri S. choleraesuis 
UMADSOLDCOM One cA ccc omen abl: crcl eee dd 800 400 
PAD EOT IEC WUE o ee CUO Et tale aictctass:chebadiaferaisalers, sYorsis-e) ays — 200 
Absorbed with S. cholerG@esuts.. 0.00.0. ccc cece sceeccuees 800 _- 
Symbol: — = less than 50. 


murium antibodies were present in a titer exceeding those of heterologous anti- 
bodies by 64 to 128 times. 

The changes of homologous and heterologous antibody titers during an attack 
of shigellosis or salmonellosis were then investigated. The results obtained on 
a patient with Shigella flexneri dysentery are summarized in TABLE 11. This 
table shows that the patient’s Shigella hemagglutinins increased sixty-fourfold 
in eight days, whereas only eightfold increases occurred in antibody titers 
against several heterologous antigens. It is noteworthy that in absolute terms, 
too, the titer of hemagglutinins against the pathogen was far higher than the 
titers against heterologous antigens. It is interesting to point out that in a 
number of other patients, rises in the titers of heterologous antibodies did not 


TABLE 14 
SEROLOGICAL EVIDENCE OF CoO-PRIMARY SHIGELLOSIS IN FAMILY 


Titers (reciprocal) of Shigella sonnei hemagglutinins on 
Members of family — 

8-18-55 8-25-55 9-3-55 
“Silo That See Pee ee 10 160 80 
Binion 2s = 160 160 
SH} Hela) 75 gta eee eee — 160 80 
Site] Crete? ets Oe ect ee 10 640 640 
Sa bbe 2 tae ae 20 320 320 
RUBIO Oita er ete dale Vis a eia's 10 100 n.d. 
SUI O ULB aieha He iaicierelery siete ies one 10 320 n.d, 
1 Tee ere ee 10 40 n.d. 
COD LGR earn tet oe eR IS ee 40 40 n.d 


Symbol: — = less than 10; n.d. = not done. 
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Taste 15 


ENTEROBACTERIAL HEMAGGLUTINATION TEST FOR SEROLOGICAL 
EPIDEMIOLOGY OF SHIGELLA SONNEI DYSENTERY 


Titers (reciprocal) of hemagglutinins 
Family members 
S. sonnet All heterologous antigens* 

Patientih snares tuarorierivien 1280 160 
Mothern scare eer from 40 to 320 80 (no increase) 
SiDliny a reece) er eae eee 160 80 
Sibling Zameen sccreienrcterer as 640 80 
Siblings teacrasictictoiioiers ee from 80 to 320 no increase 
SIDUN GAR csc rctmetemsoses © 1280 160 
Sibling7o Seeneasaeekeen 1280 160 
SIDMD RO eee stelce tetas <i 1280 160 


3 Two E. coli, two S. flexneri, five Salmonella, 


take place. That this is not always due to the absence of pre-existing anti- 
bodies is evident from the data presented in TABLE 12. Two siblings with 
Shigella flecneri dysentery were studied, and it was found that both patients 
developed S. flexneri hemagglutinins in identically high titer. Although anti- 
bodies against the patients’ own strains of F. coli were present at the onset of 
the infection, only one patient showed a rise in the titer of homologous #. coli 
hemagglutinins. : 

The question arises as to whether hemagglutinins against heterologous 
enterobacteriaceae develop because of the presence of common antigens. This 
is unlikely, since rises against several rather unrelated enteric bacteria were 
observed. Furthermore, absorption experiments clearly showed that the 
hemagglutinins were removed only by homologous and not by heterologous 
antigens. In these experiments both absorption methods were used; namely, 
addition of the supernate of a heated suspension to the serum of the patient 
and treatment of serum with modified red blood cells. The reason why some 
patients do not produce heterologous hemagglutinins while others do remains 
to be elucidated. It is possible that the presence of development of heter- 
logous antibodies in moderately high titers (1:40 to 1:320) may be related to 
the age of the patient, previous contact with these or related antigens, and/or 
nonspecific stimulation (anamnestic reaction). 

The enterobacterial hemagglutination test appears to be a valuable tool for 
the serological diagnosis of enterobacterial infections. For example, studies 
on a patient with bacteriologically proved Salmonella choleraesuis infection 
suggests that this patient also was infected with Shigella flexneri. This con- 
clusion is based on the results of hemagglutination and absorption studies, as 
shown in TABLE 13. 

Also, the enterobacterial hemagglutination test has proved to be helpful in 
supplying serological evidence of co-primary infection in a family. An illus- 
trative example is presented in TABLE 14. It can be seen from this table that 
all seven siblings developed Shigella sonnei hemagglutinins within one week. 
During this time there was no change in the titer of these antibodies in the 
mother. The children suffered from severe to very mild shigellosis. 
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TABLE 16 
ENTEROBACTERIAL HEMAGGLUTINATION TEST FOR SEROLOGICAL 
EPIDEMIOLOGY OF SALMONELLOSIS 


Titers (reciprocal) of hemagglutinins 
Family members ——-- —- ~ 
S. lyphimurium S. sonnet E. coli O11 E, coli O55 
Paticntremrsceatie seater en fs 10,240 — 40 80 
SDN wel ereee athe. elation. 640 _- - | -— 
SIDA D ro tra aes ccm s, aris « 640 20 20 | 20 
DI blingts Meret he oe ce 320 = = _ 
Sibling 4s Se) weeny ee. — n.d. | n.d n.d 
SUD ILD DNS penis hey ncaa a ah 10 n.d. n.d n.d. 
DUONG Oe ie rrdmias ws tases ¢ 10 n.d. n.d. | n.d. 
Mother peesrer eto fee rieees 10 n.d. n.d. n.d 
Symbol: — = less than 20; n.d. = not done. 


Finally, the enterobacterial hemagglutination test promises to be a valuable 
tool for serological epidemiology of enterobacterial infections. TAsrirs 15 and 
16 summarize data obtained in the investigation of two large families. Study 
of six siblings and the mother of a child with Shigella sonnei dysentery revealed 
that all members except one had Shigella sonnei hemagglutinins in high titer 
(1:640 or above) or showed a fourfold to eightfold increase, and that the titers 
of all heterologous hemagglutinins were considerably lower or showed no in- 
crease. ‘These data suggest that most members of the family may have been 
infected with this microorganism at one time or another. Similar results were 
obtained in the investigation of the family of a patient with Salmonella ltyphi- 
murium infection, as may be seen from the data presented in TABLE 16. It 
should be pointed out that in this family three siblings had S. typhimurium 
hemagglutinins in relatively high titer, whereas the other three siblings and 
the mother did not. All members of the family except the patient were well. 
It is reasonable to assume that the children with high S. typhimurium antibody 
titers may have been infected previously with Salmonella or an antigenically 
related microorganism. In view of the fact that in sporadic cases of salmonel- 
losis, and not rarely of shigellosis, the source of the infection remains obscure, 
the enterobacterial hemagglutination test may well offer the opportunity to 
obtain more adequate information on subclinical infection and possible sources. 


DISCUSSION 


In the foregoing study, evidence has been presented that the enterobacterial 
hemagglutination method is more sensitive than the conventional bacterial 
agglutination test for the demonstration of the antibody response of patients 
with enteric infection. The development of the polyvalent enterobacterial 
hemagglutination test was made possible by the fact that several antigens, both 
crude and purified, can be simultaneously adsorbed on red blood cells. The 
suspension of these modified erythrocytes is a useful tool for the demonstration 
of any homologous hemagglutinins (cf. TABLES 4, 7, 11, 13). It appears likely 
that this polyvalent enterobacterial hemagglutination test may be useful for 
the screening of sera of patients and contacts. For appropriate interpretation 
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it will be necessary to determine the titers of the respective hemagglutinins in 
the population unless one examines at least two sera, one taken at the onset of 
the illness and the other one or two weeks later, and demonstrates a marked 
increase in the titer of these antibodies. The polyvalent hemagglutination 
test makes unnecessary the use of a battery of different antigens in the conven- 
tional agglutination test, aside from the fact that it is more sensitive. It may 
be particularly valuable as a screening test. The enterobacterial hemagglu- 
tination method also may become a useful tool for studies of the epidemiology 
of enteric infections. Several examples have been presented. 

For a long time the role of certain paracolon and Proteus bacilli as etiological 
agents of enteric infection has remained obscure. It is conceivable that deter- 
mination of the hemagglutinin response of patients with diarrheal disease may 
supply suggestive evidence for or against this assumption. The antibody 
response of human volunteers to the ingestion of enteropathogenic £. coli but 
not to that of a “normal” £. coli has supplied evidence of the etiological role 
of these microorganisms in infantile diarrhea.”*: 8 The development of specific 
E. coli hemagglutinins by infants suffering from diarrheal disease has been 
shown in the present communication. 

Finally, it may be useful to explore the possibility of the utilization of the 
enterobacterial hemagglutination test for the demonstration of coproantibodies 
and of the hemagglutination-inhibition test for the determination of the pres- 
ence of enterobacterial antigen in the feces of patients with diarrheal disease. 
Tf the latter method were feasible, it can be anticipated that an early etiological 
diagnosis may be made possible. 


SUMMARY AND CONCLUSIONS 


Studies on basic aspects and applications of the enterobacterial (EZ. coli, 
Salmonella, Shigella) hemagglutination test were carried out, and the following 
results were obtained: 

(1) Both crude and purified enterobacterial antigens can be adsorbed on red 
blood cells. These modified red blood cells can be used for the determination 
and titration of the corresponding antibodies. 

(2) Absorption of purified lipopolysaccharides does not take place in 5 per 
cent glucose or 5 per cent sucrose solutions, nor in isotonic CaCle solution, but 
is effected readily in isotonic saline, potassium chloride, and sodium citrate solu- 
tions. 

(3) Modified human red blood cells—in contrast to sheep erythrocytes—ar 
not lysed in the presence of homologous bacterial antibodies and human or 
guinea pig complement, either at 30 or 37° C. 

(4) Several antigens can be absorbed simultaneously, thus making possible 
a polyvalent enterobacterial hemagglutination test. 

(S) The enterobacterial hemagglutination test has been shown to be con- 
siderably more sensitive than the conventional bacterial agglutination test and 
its centrifugation modification. 

(6) Specific antibody responses of patients with E. coli, Salmonella, and 
Shigella diarrheal disease have been recorded. 
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(7) Some patients show increases of a moderate degree in the hemagglutinin 
titers against heterologous enteric bacilli, whereas others do not. 

(8) The potential usefulness of the hemagglutination method for the deter- 
mination of the coprimary infections and for serological epidemiology of 
enteric diseases has been documented. 
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Discussion of the Paper 


Horace L. Hopes and HELEN D. Zeppe (Department of Pediatrics, Mount 
Sinai Hospital, New York, N. Y.): We have in fact developed a screening test 
for the detection of enteropathogenic £. coli in stools. This method depends 
on the extraction of type-specific antigen from samples of fecal matter. These 
antigens givea sharp precipitate with homologousserum. The testis so sensitive 
that it yields positive results when only minute quantities of serum are used 
(capillary tube method). 


HEMAGGLUTINATION WITH RED CELLS SENSITIZED WITH 
ANTIGENS OF ENTEROPATHOGENIC ESCHERICHIA COLI 


By Charles D. Graber and Matthew C. Dodd 
Department of Bacteriology, Ohio State University, Columbus, Ohio 


Sensitization of red cells with the envelope antigen of the Enterobacteriaceae 
for use in hemagglutination tests was demonstrated by Spaun! in 1952, using 
the Vi antigen from a boiled extract of Salmonella typhi. Neter,? the same year, 
adsorbed what he believed to be the O antigen of Escherichia coli 0111 onto red 
cells used to detect hemagglutinins in infants with infantile diarrhea due to this 
agent. Thus far there have been no published reports to indicate that the same 
thing can be done with the B component, an envelope antigen present in all the 
enteropathogenic £. coli and responsible for O inagglutinability of these strains 
in OB serum. Wheeler’ has suggested a method of using the B antigen very 
similar to that employed by Spaun. This method is based on the assumption 
that the B antigen is more rapidly adsorbed to red cell surfaces than the O anti- 
gen. Stulberg* utilized essentially the same principle in his work, but some- 
what modified the procedure used by Wheeler. Results obtained with specific 
sera from animals immunized with whole organisms indicated the presence of B 
antigen on the red cells. O antigen was also adsorbed, however, if the red cells 
were exposed for a longer time, suggesting that both antigens were present in 
these extracts. The carbohydrate nature of the B antigen of the enteropath- 
ogenic serotypes, in contrast to the lipid-protein-carbohydrate complex of the O 
antigen, suggested a solubility differential in water favoring elution or extrac- 
tion of the former from the bacterial cells as well as selective adsorption to nor- 
mal red cells which is characteristic of many carbohydrates. 

The following is a preliminary report of some attempts to demonstrate the 
B antigen-antibody system of E. coli 0127:B8 by hemagglutination using red 
cells sensitized esssentially with an aqueous extract of the bacteria. 

Materials and methods. The antigen used in the hemagglutination test was a 
suspension of group O human red cells sensitized with an aqueous extract of the 
organisms. Erythrocytes sensitized with O antigen according to the method 
described by Neter? were employed for comparison. Extract was prepared by 
suspending 4 gm. of wet weight £. coli 0127: B8 from cultures on blood agar 
base in 15 ml. of deionized water that were incubated in a water bath at 37° C. 
for one-half hour. The suspensions were then centrifuged for 1 hour at 10° C. 
and the cells discarded. Isotonicity was restored with NaCl, and the extract 
was passed through a Selas filter. A 1 per cent suspension of human group O 
red blood cells was sensitized by incubation in various dilutions of this extract 
in a water bath at 37° C. for one-half hour. 

Results. Redcells sensitized with several dilutions of extract were quite readily 
agglutinated in specific immune OB rabbit serum previously prepared by four 
intravenous injections of whole bacterial cells. Optimal sensitizing dilutions 
were determined on several extracts. Typical results are presented in TABLE 1. 
Usually the optimal dilution for sensitization was 1:5. Preliminary chemical 
analysis with anthrone indicated that considerable carbohydrate was present 
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TABLE 1 


HEMAGGLUTININ TITRATIONS OF OB IMMUNE SERUM WITH RED 
CELLS SENSITIZED WITH DituTIONS OF EXTRACT 


Dilutions of serum 
Extract 
2 4 8 16 32 64 128 256 512 
Whey s s s s s s s 5s) —_ 
i210 s s s s s 3 —_— — _— 
1:30 s _ — 
1:60 = — — 


~ § = solid agglutination of red blood cells. 


TABLE 2 
HEMAGGLUTININ TITRATION OF UNABSORBED AND ExTRACT-ABSORBED OB SERUM 


Serum dilutions 
Serum Absorbed Antigen 
4 16 64 256 | 1024 | 2048 
OB _ Ext. s s s s s 0 
OB — Neter s s s s s 4 
OB Ext. Ext. s s 0 0 0 0 
OB Ext. Neter s s s s s 2 


in the extracts and was reduced by approximately 25 per cent by the red cell 
sensitization. 

TABLE 2 illustrates hemagglutination titrations of another OB antiserum 
with red cells sensitized with the extract, and with O-sensitized red cells, before 
and after adsorption with the former. 

The original titer for extract-sensitized cells was 1:1024, and dropped to 1:16 
following adsorption. ‘Titers of the same serum tested with O-sensitized cells 
prepared according to the Neter method were approximately the same before 
and after three adsorptions with extract sensitized cells. Further adsorption of 
this serum tended to lower titers for both O- and extract-sensitized cells. 
Hemagglutinins for extract-treated cells, however, were completely removed 
from one serum having an original titer of 1:256 for such cells without affect- 
ing the original O titer. 

In order to confirm the presence of antibody with a specificity other than O. 
as indicated by absorption experiments, an attempt was made to absorb O 
hemagglutinins. Data in TABLE 3 indicate that absorption of OB serum with 
red cells sensitized with O antigen by the Neter method resulted in approxi- 
mately equal reduction of the original titers for both kinds of cells. 

_ Results of an attempt to demonstrate specificity of the extract by agglutina- 
tion titration of the serum with appropriate bacterial suspensions before and 
after absorption with the extract-sensitized cells are presented in TABLE 4 and 
are in essential agreement with results obtained by hemagglutination. The 
agglutinin titer with living organisms inagglutinable by O antibody was reduced 
from 1280 to 80 after absorption with extract sensitized cells, but only a one- 
tube drop occurred in the O agglutinin titer after this absorption. 
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TABLE 3 


HEMAGGLUTININ TITRATION OF OB Immune SERUM BEFORE AND 
AFTER ABSORPTION WITH O ANTIGEN 


Serum dilutions 

Serum Absorbed with Antigen 

4 16 64 256 1024 | 2048 
OB -— Net. s s s s s 4 
OB — Ext. s s s s s —_— 
OB Net O Net. s s s — — — 
OB Net O Ext. s s s s — — 

TABLE 4 


BACTERIAL AGGLUTININ TITRATION OF UNABSORBED AND 
ExTRACT-ABSORBED OB SERUM 


Serum dilutions 
Serum Absorbed with Antigen 
10 40 80 320 1280 5120 
OB = OB 4 4 4 4 3 — 
OB a O 4 4 4 at 3 2 
OB Ext. OB 4 4 4 = — — 
OB Ext. O 4 4 4 4 3 — 


A further difference between extract antigen and O antigen was observed in 
the quantity and the rate of production of antibodies to each produced in rabbit 
serum following injection of OB cells, as seen in FIGURE 1. O agglutinins ap- 
peared earlier and reached peak titer earlier than B agglutinins. The produc- 
tion of hemagglutinins for extract-sensitized cells practically paralleled that of 
B agglutinins. 

Finally, both the aqueous extract and the Neter O extract were tested against 
an OB rabbit antiserum in an agar double diffusion system. A wide band of 
precipitate occurred in the extract-antiserum mixture midway between the 
antigen and serum discs in approximately 24 hours. Subsequently it increased 
in width. Another faint band appeared several days later very close to the 
extract-antigen disc. About the same time a similar faint band appeared near 
the disc containing the O antigen, which suggested that this band was produced 
by O antigen antibody precipitation, and that this antigen might also be pres- 
ent in the aqueous extract. After four or five days a band of precipitation cor- 
responding to the position of the earlier wide band found with extract antigen 
appeared in the O extract-antiserum mixture. Although this latter band was 
very faint and narrow its presence could indicate a small amount of extract 
antigen in the O preparation. 

Discussion. These data do not afford proof for the specificity of the aqueous 
antigen. The carbohydrate nature of the antigen, the differential water solu- 
bility, the selective absorption onto normal red cells, and the specificity and 
antigenic capacity in rabbits as compared to the O antigen all seem, however, 
to warrant such an assumption. Undoubtedly the failure to separate the so- 
called B antibody by absorption of O antibody in antiserum with either bacteria 
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PRODUCTION OF BACTERIAL AGGLUTININS AND HEMAGGLUTININS TO ANTIGENS OF €&. COLI 0127:38 


5120 
2560 
1280 
640. 
320 
{60 
80 
40 
¢ injection 
20 aes O ontibody/boct. agglut. 
FE PA 
oe OB 08" / hemogglutination 


fe) 5 10 15 20 25 30 35 40 % 50 55 
TIME IN DAYS 
FIGURE 1 


or with O sensitized red cells is the greatest objection to conclusions as to speci- 
ficity. Experience to date, however, suggests that this may not indicate a lack 
of specificity other than O in extract antigen, but rather that antibody common 
to both extract (B antigen) and O antigen is present in OB antiserum. If so, 
it seems probable that the common specificity results from structural similari- 
ties in the carbohydrate portion of the O complex and in the extract antigen. 
This is indicated further by the fact that the most successful absorptions oc- 
curred with early antiserum obtained from animals that had received only one 
injection of bacteria, suggesting that more prolonged immunizations may, in 
effect, reduce specificity by either stimulating production of more common 
antibody, or by the previously observed fact that many carbohydrate antigens 
induce maximal antibody production only by rather small, optimal dosage. 
This possibility is indicated again by the observation that production of both 
agglutinins for the living bacteria and hemagglutinins to extract sensitized red 
cells is not particularly enhanced by further injections of large amounts of 
antigen. Data not presented here seem to confirm this impression that per- 
haps careful study of the immunization procedures with reference to specific B 
antibody may be more productive. It is also interesting that the titers for 
the hemagglutinins obtained in these experiments parallel closely the values 
obtained for agglutinins (anti B) to the living bacteria, in contrast to the find- 
ings of Wheeler, Stulberg, and Neter, in which hemagglutinin titers of OB 
serum usually were significantly higher than either type of bacterial agglutinins. 
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Assuming the B specificity for extract antigen, it is obvious that the proce- 
dure of extracting or eluting the antigen with water has certain advantages in 
time and mildness in contrast to previous procedures employed by other work- 
ers. If, as indicated by the agar diffusion data, the aqueous extract contains 
a small amount of O antigen, it is apparently of no consequence in the hemag- 
glutination reaction, the O antigen probably being present in quantities insuffi- 
cient to sensitize red cells adequately. Results of the agar diffusion experi- 
ments also provide some confirmation of Neter’s claim that the antigen in his 
extract is primarily O antigen. 

Summary. An aqueous extract of FE. coli 0127:B8 was prepared that was 
capable of sensitizing human red cells for the demonstration of hemagglutinins 
in OB rabbit antiserum. Preliminary observations indicate the probability 
that this extract contains primarily the B antigen. 
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THE ROLE OF CLOSTRIDIA IN DIARRHEAL DISEASES OF MAN 


By John D. MacLennan 


Department of Microbiology, College of Physicians and 
Surgeons, Columbia University, New York, N. Y. 


The clostridia are so widely distributed in nature and are such common and 
constant inhabitants of the human intestinal tract that, since the earliest days 
of clinical bacteriology, they have been isolated and frequently implicated in a 
great variety of disease processes. Unhappily, it is one thing to recover an 
organism from some pathological lesion, and it is another to show that this 
organism is an active agent in the genesis of that lesion. At once it must be 
emphasized that while the role of the clostridia in wound infections and, in 
particular, in gas gangrene was soon established, the evidence for their being 
involved in any sort of enteric infection in man (however strongly this might 
be suspected) was much less satisfactory, and has, in fact, been obtained be- 
yond reasonable doubt only within the past decade. These more recent data, 
however, make it clear that we now have to deal, not with a single new disease, 
but with a number of distinct syndromes, separable both clinically and bac- 
teriologically. 

The problem, then, is a difficult one, and is in no way simplified by the fact 
that the infecting organisms are extremely closely related. All belong to the 
Clostridium perfringens group. 

In a publication such as this, there is neither the space nor the necessity to 
review the fantastically complex toxicology of the pathogenic clostridia, but I 
should like to remind you that many of these organisms elaborate more than 
one toxin and that, in consequence, it has been found possible to divide certain 
species into a number of distinct types or varieties, depending either on the 
different toxins or different combinations of toxins they produce. In this way 
no less than six types of Cl. perfringens have been recognized (TABLE 1). 

Nor is this classification to be regarded merely as a tour de force on the part 
of the immunologist. It is also of the greatest epidemiological significance 
(TABLE 2). : 

Two things in particular stand out from this tabulation. First, that Cl. 
perfringens might well be regarded as primarily an intestinal pathogen; second, 
that it is even more important in veterinary than in human pathology. For- 
tunately for me, the animal infections are to be the subject of a separate paper 
by E. M. Baldwin, but there still remain three types—A, D, and F—each of 
which is now known to be capable of producing more or less severe diarrheal 
disease in man. For a number of reasons, some of which will only become ap- 
parent later, I propose to discuss these organisms separately. 


Cl. perfringens Type A 


It is probably safe to say that, so far as man is concerned, Cl. perfringens 
Type A is by far the most important of the pathogenic clostridia or, indeed, of 
the pathogenic anaerobes. Classically, this organism is associated with various 
necrotizing wound infections, of which gas gangrene is the best known and most 
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TABLE 1 
TOXIGENIC TypEsS OF CL. PERFRINGENS 


Toxin 
Type 
a B 6 € n Ci] t K r BL v 
BA eae = = = (Ge) | SESF = Slee = aipl| ape 
B Sea taatacts| penats ar aI = ae = emi elantactealstes etc 
Cc See ialcaatae tall ete a PSP = aa cia = aia = a tg 
D ae = = = lararadl eS => = aP ee) Sie ill ae 
E ae == ea = = = aE aa pe ar oF = Ss 
F =i =F air se = = = = = = Set 
TABLE 2 
PATHOGENICITY OF CL. PERFRINGENS 
Cl. perfringens Disease 
Type A Gas gangrene and food poisoning in man 
Enterotoxemia of calves 
Type B Lamb dysentery of sheep 
Enterotoxemia of foals 
Type C “Struck” in sheep 
Hemorrhagic enteritis of calves 
Type D Infectious enterotoxemia of sheep 
Pulpy kidney disease of lambs 
Two cases of enteric infection in man 
Type E Enterotoxemia of calves (?) 
Type F Enteritis necroticans of man 


severe. Its involvement in diarrheal disease, though long suspected,!-> was 
not certainly established until 1953, when Hobbs and her colleagues in England® 
published an exhaustive study of a number of outbreaks of food poisoning in 
which there could be no doubt that Cl. perfringens was the causal organism. 
These observations have since been amply confirmed.’-!? 

Apart from their relative mildness, cases of perfringens food poisoning differ 
in no way from those due to many other intestinal pathogens. Nearly all the 
outbreaks have been associated with the ingestion of meat dishes, and the usual 
story is that the food has been prepared and cooked 24 hours or more before 
consumption, allowed to cool slowly at room temperature or in the refrigerator, 
and then heated up immediately prior to serving. Cl. perfringens has invari- 
ably been isolated from the suspected foods (in which it has always been pres- 
ent in enormous numbers, and frequently in pure culture) and also from a very 
high proportion of the stools of those stricken. Moreover, in volunteers, the 
ingestion of pure cultures of the organisms has produced symptoms of the dis- 
ease. 

Although recognizable as belonging to Type A, these food-poisoning strains 
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of Cl. perfringens differ in several respects from the classical ones—in their 
toxigenic capacity (which is low), in their antigenic structure, and in their 
marked ability to produce heat-resistant spores. It is fortunate, of course, 
that these differences exist; in their absence the etiological role of Cl. per- 
fringens Type A could not have been so certainly established, for this organism 
is an almost constant inhabitant of the human intestine. 

The natural habitat of the food-poisoning strains has not, however, been 
fully determined. The organisms are very rarely found in normal human 
stools, but are of more frequent occurrence in the feces of pigs, cattle, rats, and 
mice. In sewage they seem to be present in from 60 to 100 per cent of all 
samples examined. More interesting perhaps is their very high incidence in 
blowflies, an observation that clearly indicates one mode of infection. 

The importance of this form of food poisoning cannot as yet be accurately 
assessed, but is undoubtedly much greater than is generally appreciated. Ac- 
cording to a report by the British Ministry of Health in 1954,!° Cl. perfringens 
accounted for 5 per cent of all known outbreaks of food poisoning in Great 
Britain in 1951-1952. This is certainly a minimal figure for, at that time, the 
results of Hobb’s investigations had not been published, and anaerobic cultures 
were not being generally undertaken in the routine bacteriological examination 
of such cases. This is a point worthy of the strongest emphasis, more especially 
in view of the fact that in a large number of outbreaks of food poisoning no 
pathogenic bacteria can be identified by use of the usual laboratory procedures. 

So far we have been considering what is almost certainly an exogenous in- 
fection. There still remains the problem of endogenous infection by strains of 
Cl. perfringens normally present in the gut. Inevitably the evidence for such 
a syndrome is much more difficult to obtain, but it seems to me that the studies 
of Howie and his colleagues" ” in Glasgow, Scotland, do suggest that it may 
occur. Their work, which is admittedly of a preliminary nature, has been con- 
cerned with the diarrhea that occasionally follows major surgery on the gastro- 
intestinal tract. This condition has received a considerable amount of atten- 
tion in recent years, but so far no very satisfactory explanation of its origin has 
been forthcoming.’*"6 Briefly, Howie and his collaborators report that in a 
series of cases of postgastrectomy diarrhea, typical Cl. perfringens Type A was 
found in unusually large numbers, not only in the stools, where it might be 
expected, but also in the gastric remnant, where it does not normally occur.” 
Moreover, in 8 of the 15 cases studied, free alpha toxin was identified in the 
stomach contents. More mysterious was the finding that filtrates of the loose 
stools neutralize considerable amounts of alpha toxin. Whether this effect was 
due to antitoxin remains to be determined, but Howie informs me that it can 
only in part be attributed to the presence of nonspecific inhibitors. Only 
minute traces of antitoxin were found in the blood of these patients. 

There, for the moment, the matter rests. No very definite conclusions can 
or should be drawn from these observations, but the results of the more exten- 
sive studies now underway by Howie and his colleagues in Glasgow will be 
awaited with interest. In particular, we should like to know more about the 


conditions that predispose to the development of pathogenicity in intestinal 
strains of Cl. perfringens. 
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Cl. perfringens Type D 


Although of considerable interest to bacteriologists, human infections with 
Cl. perfringens Type D are probably too rare to merit more than brief notice 
here. This anaerobe, long recognized as the cause of various enterotoxemic 
diseases of sheep, was not known to be pathogenic for man or even to occur in 
the human intestine. This year, however, reports of two cases have been pub- 
lished—one of intestinal obstruction and one of severe diarrhea-complicating 
amoebic colitis—in which there is every reason to believe that Type D strains 
played a significant part. 1® Not only was the organism found in large num- 
bers in the stools or intestinal contents of these cases but, in one, the major 
toxin, epsilon toxin, was identified in the strangulated loop of the small bowel 
while, in the other, epsilon antitoxin appeared to a significant titer in the pa- 
tient’s serum. 

Epidemiologically these cases are probably to be regarded as little more than 
oddities, yet they do serve to underline one important and quite possibly essen- 
tial feature of many intestinal infections with Cl. perfringens, namely the in- 
fluence of predisposing factors. It is well-known that agents that lower the 
Eh of the tissues help to determine the onset of gas gangrene in wound infec- 
tions, and it seems clear that analogous though not necessarily identical condi- 
tions may operate in enteric disease. Thus in both of these cases of Type D 
infection the gut was already abnormal, in one case from strangulation and in 
the other from amoebic infestation. Similarly, in the endogenous Type A in- 
fections it might be argued that the preliminary trauma of major surgery had 
in some way altered the tissue reactivity of the bowel. In this connection it 
is interesting to recall that in animal experiments with Cl. perfringens type D, 
Bennetts” failed to produce infection by feeding fully toxigenic strains to sheep 
unless he had more or less paralyzed the small intestine by the administration 
of morphine. 

The whole problem is a fascinating one and should readily lend itself to ex- 
perimental investigation. 


Cl. perfringens Type F 


Cl. perfringens Type F, the cause of enteritis necroticans, is unique among 
the organisms we have been discussing in that to date it has been found only 
as a pathogen of man. Taxonomically, it appears to be closely related to Cl. 
perfringens Type B (the cause of lamb dysentery), from which it differs in 
various minor points of toxicology and in its ability to produce extremely heat- 
resistant spores.” 2. Nevertheless, enteritis necroticans might well be con- 
sidered as the human form of lamb dysentery. 

This infection, the ‘““Darmbrand”’ of the German writers, first appeared in 
northwest Germany toward the end of World War II, rapidly assumed epidemic 
proportions, and then, after a few years, mysteriously vanished.**” A small 
number of cases from other parts of the world, including the United States, 
have been reported in the last few years, but in none of these can the specific 
bacteriological diagnosis be regarded as satisfactory. There is, however, some 
evidence that a similar syndrome occurred in the same area after World War 
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I, and it has also been claimed that the outbreak originated on the Eastern 
Front during the final retreat of the German armies; but all of this is uncertain 
and we are still in ignorance of the true origin of the disease. 

Cl. perfringens Type F occurs in large numbers in the stools of typical cases 
and can also be identified in the gangrenous areas of the gut.” Antibodies to 
the beta toxin, the most important toxin produced by Type F strains, have 
been identified in convalescent sera.? Feeding Cl. perfringens orally to guinea 
pigs has been unsuccessful, but the introduction of young cultures directly into 
the lumen of the small intestine has produced a condition indistinguishable 
from that occurring in man.” 

As its name indicates, enteritis necroticans is a severe and frequently gangre- 
nous infection of the small intestine. The disease is acute and has a high fa- 
tality rate, in some series of cases, as high as 40 per cent. Apart from the un- 
usual degree of shock and toxemia, the signs and symptoms are those of any 
similar lesion of the small bowel and need not be detailed here. Infection ap- 
parently occurs from eating contaminated foods, of which various preserved 
meat and fish products have been by far the commonest sources.” *> 78 The 
infectious process is presumably the same as that occurring with the heat-re- 
sistant Type A strains. The food is first heated for some hours with a view to 
preservation; this kills off all other organisms except the Type F strains, which 
rapidly multiply in the slowly cooling material. The predisposing causes of 
this condition, if any, are not known, but it has been suggested with some rea- 
son that the severe malnutrition widespread in Germany after both World 
Wars may have been of importance. 

There is little to add to this brief review. I believe it not at all unlikely that 
the other “animal types” of Cl. perfringens may yet be found to be causing 
enteric disease in man, although it is improbable that they could be of much 
importance in this respect. It is also worth bearing in mind that there are a 
number of reports in the literature that suggest that, in addition to Cl. per- 
rimgens, various other species of spore-bearing bacilli, both aerobic and anaer- 
obic, may be involved in this type of infection. The fact is that much of this 
work is so recent and, I must add, so little known that we are not yet in a posi- 
tion to assess the relative significance of such organisms in diarrheal disease. 
I feel sure, however, that this significance is greater than is generally believed. 
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CLOSTRIDIA IN DIARRHEAL DISEASES OF ANIMALS 


By E. M. Baldwin, Jr. 
Omaha, Neb., 
and 


L. A. Griner 


School of Veterinary Medicine, Colorado Agricultural and 
Mechanical College, Fort Collins, Colo. 


Clostridium perfringens is the only known species of the genus Clostridium 
that can be directly implicated as the cause of diarrhea in animals. The term 
enterotoxemia is used to designate the diseases caused by the various types of 
Cl. perfringens. Diarrhea is frequently a symptom of these diseases. Type C 
enterotoxemia of infant calves and lambs and Type D enterotoxemia of sheep 
are the only disease entities recognized in the United States. They will be 
subject to detailed discussion under separate headings following the literature 
review. 


Review of Literature 


Cl. perfringens has been divided into six types, A, B, C, D, E. and F, on the 
basis of the toxins produced. From these six types, 15 soluble, antigenic toxic 
fractions have been identified and are designated by letters of the Greek al- 
phabet. Oakley and Warrack! and Van Heyningen? have indicated that each 
of the six types of Cl. perfringens produce one or more of the antigenic fractions. 
Generally, one of the fractions is produced in quantity and is termed the major 
toxin, whereas other fractions are termed minor. 

The toxins of Cl. perfringens Type A, of which alpha is the major toxin, are 
responsible for the production of gas gangrene in man and, occasionally, in 
domestic animals. Macrae, Murray, and Grant® have described an entero- 
toxemia in young suckling calves characterized by sudden onset, diarrhea, and 
early mortality. From cultures of fecal material, they isolated Type A. Rose 
and Graham,* in 1936, described an enterotoxemia jaundice of sheep and calves 
that they attributed to Cl. perfringens Type A. 

Cl. perfringens Type B produces beta and epsilon antigens as the major toxins 
and is responsible for lamb dysentery, a highly fatal disease occurring during 
the first four days of life. In Great Britain, Gaiger and Dalling (1921), who 
first attributed the disease to a combination of the colon Bacillus and a mem- 
ber of the Welch group, later concluded that only the Welch organism was the 
etiological factor. This they called the “L.D. Bacillus” and showed that it 
differed essentially from the classical Bacillus welchii. Wilson (1931) called 
this organism Type B in his classification. Hepple® described a necrotic en- 
terotoxemia in a calf that he attributed to Type B. No report could be found 
of the isolation of Type B in the United States. 

The major toxic antigen of Type C is beta toxin, a lethal and necrotizing 
toxin. McEwen and Roberts,® in 1931, described a disease of sheep from 
Romney Marsh in England that they called “struck.” McEwen isolated a 
member of the Welch group that was designated Bacillus paludis. Later, B. 
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paludis became Type C in the Wilsdon classification of Clostridium welchii. 
Struck is an enterotoxemialike disease of mature sheep that has not been re- 
ported in this county. In an earlier publication Griner and Bracken’ described 
an acute hemorrhagic enteritis in young calves, and Griner and Johnson® re- 
ported a similar disease in infant lambs, both caused by Type C. Heller,® in 
1933, gave an account of an acute hemorrhagic enteritis in young shed-born 
lambs in California. Filtrates of intestinal contents were lethal to mice, but 
the toxic constituent was not identified. A recent report by Fiedl and Gibson"® 
incriminated Cl. perfringens Type C as the etiological agent of an enterotoxemia 
of young suckling pigs. The disease was characterized by lassitude, inappe- 
tence, weakness, and diarrhea, with death occurring approximately 12 hours 
after the onset of symptoms. 

Cl. perfringens Type D is the cause of enterotoxemia in sheep and goats. It 
is generally distributed throughout the world. The primary toxic fraction of 
Type D is epsilon toxin, a lethal and necrotizing toxin that needs to be acti- 
vated by trypsin and other proteolytic enzymes. The minor toxins of Type D 
are alpha and theta. 

Bosworth" has described a strain of Cl. perfringens isolated from a calf show- 
ing symptoms of an acute enterotoxemia. This strain has been classified as 
Type E, and it produced alpha toxin and a new toxin that he designated as 
iota. 

Cl. perfringens Type F is characterized by the ability of its spores to with- 
stand boiling for one to four hours. Alpha, beta, gamma, and nu toxins are 
produced by this type. In Europe, Type F is believed to produce enteritis 
necroticans,” an acute toxemia fatal in man. 


Hemorrhagic Enterotoxemia (Type C Enterotoxemia) 


Distribution. Hemorrhagic enterotoxemia of calves and lambs has been ob- 
served and confirmed in numerous areas in Colorado since 1951. Other states 
in which the disease has been confirmed in suckling calves are Montana, Ne- 
braska, and Wyoming. 

Unconfirmed reports have been received from 10 states—California, Idaho, 
Illinois, Indiana, Iowa, Ohio, Oregon, South Dakota, Texas, and Utah. Type 
C toxins of Cl. perfringens have been found in newborn lambs in Colorado, 
Montana, and Wyoming. 

It is believed that unfavorably cold, wet, windy weather at calving time has 
some influence on the severity of outbreaks of the disease. 

Species. Hemorrhagic enterotoxemia has been most frequently observed in 
beef breeds of cattle. In a few instances, however, it has occurred in dairy 
breeds. No record has been kept on the breeds of lambs in which the disease 
has occurred. 

Symptomatology. Field observations generally indicate that calves dying 
from hemorrhagic enterotoxemia are large, well-formed, and apparently vigor- 
ous animals. Stockmen who have experienced losses have confirmed these 
observations. They report that the disease most frequently attacks healthy, 
vigorous bull calves and that small, weak calves are rarely lost. It is generally 
agreed among cattlemen that calves dying of hemorrhagic enterotoxemia are 
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from dams that produce an abundance of milk. There is no agreement that 
the disease occurs with greater frequency in calves from mature cows than in 
calves from heifers. Individual cows are reported to have lost their calves for 
two or three consecutive years. 

Many stockmen are of the opinion that the incidence of the disease is greater 
than mortality figures indicate. They believe that calves develop subacute 
cases characterized by diarrhea from which they recover but remain unthrifty. 
This opinion is supported by serological studies in which the dams carried no 
antitoxin titer while their calves had titers ranging up to 16 units of Type C 
antitoxin. It is further confirmed by the observation that in vaccinated herds 
the incidence of diarrhea and unthriftiness is markedly reduced below “normal.” 

The symptoms displayed by individual calves vary with the degree of intoxi- 
cation. In many instances calves are found dead. Early in the disease, in- 
fected calves become listless and ceased nursing. These symptoms may be 
noticeable 12 to 24 hours prior to the onset of severe symptoms. Later they 
display evidence of acute colic such as uneasiness, straining, and kicking at the 
abdomen. Hemorrhagic diarrhea may or may not be observed, depending 
largely upon the severity and duration of illness. Calves become prostrate, 
develop opisthotonos, and tetanic and toxic spasms, followed by death. The 
course of clinical cases of the disease varies from 2 to 24 hours. Temperatures 
generally remain near normal but, terminally, become subnormal. 

Few clinical symptoms other than early death are observed in lambs. Shiv- 
ering, bleating, and other evidence indicative of chilling or colic are observed. 
Few lambs show evidence of a hemorrhagic diarrhea. The lambs become weak, 
prostrated, and die. 

Necropsy findings. Lesions appear to be consistently more severe in calves 
and are primarily hemorrhagic in character. The most marked pathological 
change is an extensive necrotic hemorrhagic enteritis of the jejunum and ileum. 
The lumen of the intestine contains considerable blood and necrotic mucous 
membrane. ‘The intestinal contents are deep red, and portions of the large 
intestine may be hemorrhagic. Petechial or ecchymotic hemorrhages are con- 
sistently observed on the epicardium and thymus and, inconsistently, in the 
diaphragm, abomasum, and parietal pleura. 

The lesions in lambs are spotted along the intestinal mucosa. Ecchymotic 
subserous hemorrhages may occur on the ansa spiralis, cecum, and small in- 
testine. The peritoneal cavity contains small quantities of a serosanguineous 
fluid. A mild fibrinous peritonitis covering the inflamed intestine may be ob- 
served. Serohemorrhagic lymphadenitis of the mesenteric lymph nodes is 
frequently found. Hemorrhages are occasionally observed in the thymus and 
diaphragm. The pericardium contains an excess of fluid, portions of which 
may be clotted. Moderate congestion and interstitial edema are observed in 
the lungs. The abomasum is frequently distended with large quantities of 
milk, only a portion of which may be coagulated. The mucous membrane of 
the abomasum is hyperemic and coated with a thick layer of tenacious mucus. 

Histopathology. The most characteristic histopathological changes are ob- 
served in the large and small intestines. Sections of the small intestines of 
calves show extensive pathological changes, with the principal lesions occurring 
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in the mucosa and submucosa. In some sections the necrotic process extends 
to the muscularis mucosa. Frequently the villi are completely destroyed, 
presumably by the necrotizing action of the toxin. The lumen of the intestine 
contains large quantities of erythrocytes, some of which are hemolyzed, frag- 
ments of necrotic villi, polymorphonuclear leukocytes, and many bacteria. 
Gram-positive bacilli, occurring singly or in short chains, are the dominant 
bacterial organisms. Varying degrees of hemorrhage, vascular congestion, 
edema, and distention of the lymphatics are noted in the muscularis and sub- 
serosa. 

The intestinal lesions are less severe in lambs. They vary from catarrhal 
enteritis and intense hyperemia of the mucosa to hemorrhage and necrosis of 
the mucosa and lamina propria. Histopathological changes in the abomasum 
are limited to catarrhal abomasitis, petechiasis of the mucosa, and edema of 
the submucosa. The mesenteric lymph nodes are edematous and hyperemic, 
the lymph spaces are filled with fluids and erythrocytes, and the lymph sinuses 
are distended. Subepicardial and focal myocardial hemorrhages may be noted 
in the heart. Liver sections are characterized by central congestion and cloudy 
swelling of the hepatic cords. Frequently the sinusoids are obliterated by the 
swollen parenchymal tissue. Considerable pigmentation of the cytoplasm may 
be observed. Microscopically, the kidneys show areas of hyperemia and hem- 
orrhage scattered throughout the parenchymal and stromal tissues. The 
epithelium of the convoluted tubules is swollen, and the cytoplasm shows con- 
siderable granulation. 

Bacteriological and toxicological findings. The dominant organism on direct 
smear of the intestinal content is a gram-positive, nonmotile, medium-sized 
bacillus, morphologically resembling Cl. perfringens. The organism, when 
incubated anaerobically on blood agar, produces a sharp hemolytic zone around 
each colony, a stormy fermentation in milk, and conforms to the typical carbo- 
hydrate reactions of Cl. perfringens. 

Bacteriology and toxicology. Bacteria-free filtrates of intestinal contents from 
naturally occurring cases are lethal to mice when administered intravenously. 
Toxin present in intestinal filtrates can be neutralized by Types B and C anti- 
toxin. Such results indicate that beta toxin is present. 

Strains of Cl. perfringens isolated from cases of hemorrhagic enterotoxemia 
in calves and lambs produce a lethal toxin when grown in modified Brewer’s 
medium as described by Vawter and Records."* Filtrates contain a toxin which 
is neutralized by Types B and C antitoxin. 

Diagnosis. Symptoms are not frequently observed because of the rapid 
course of the disease. The principal findings are a history of sudden death and 
an acute hemorrhagic enteritis at necropsy. Microscopic examination of a 
direct smear of the intestinal contents is helpful. 

Laboratory diagnosis consists of the following procedure: The intestinal con- 
tents are diluted with equal parts of distilled water and filtered through a Seitz 
or comparable filter. The filtrate is then inoculated intravenously into Swiss 
mice weighing approximately 20 to 25 gm. ‘The dosage is 0.2 ml. per mouse. 
If toxin is present, death usually occurs within 30 minutes, but may require 3 
hours. Equal parts of toxic filtrate and antitoxin, diluted to contain approxi- 
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mately 200 beta units, are mixed and allowed to stand for one hour at room 
temperature. Mice are inoculated intravenously with the neutralized mixture, 
using a dosage of 0.4 ml. per mouse. Control mice are inoculated as before with 
filtrate only. Death of the control mice and survival of the mice receiving the 
filtrate antitoxin mixture identifies the intestinal toxin to be the beta fraction 
of Cl. perfringens Type C. If the toxin is not neutralized, further tests are 
necessary. As an alternative to filtration, the diluted intestinal contents may 
be centrifuged for one-half hour at 3,000 rpm, and the supernatant used. In 
such an event it is not advisable to rely upon mouse deaths occurring after three 
hours. 

If toxin is not detected in intestinal contents, cultural methods may be em- 
ployed in an effort to isolate Cl. perfringens. Cultures are typed by the toxin- 
neutralization test. 

Cl. perfringens Type C antitoxin may be used under field conditions as an 
aid in establishing a diagnosis. The therapeutic and prophylactic effectiveness 
of antitoxin has been demonstrated by Griner and Johnson’ and Griner and 
Baldwin.“ 

Control. Immunological studies conducted by Griner and Baldwin demon- 
strated that the disease could be controlled by biological products. A whole- 
culture toxoid was effective prophylactically when administered to the preg- 
nant cow between the third and sixth month of gestation. The active 
immunity stimulated in the cow was passed via the colostrum to the offspring 
and provided the offspring with adequate passive immunity during the period 
of greatest danger. Cl. perfringens Type C antitoxin, derived from hyperim- 
munized horses, was demonstrated to be effective prophylactically when ad- 
ministered to the newborn shortly after birth. It was also effective therapeuti- 
cally when used in large doses and administered early in the course of the 
disease. 


Ovine Enterotoxemia (Type D Enterotoxemia) 


Distribution. ‘This disease entity is also known as overeating disease, pulpy 
kidney disease, braxylike disease, and apoplexylike disease. Type D entero- 
toxemia is widespread throughout the world’s sheep raising industry. Little 
is known of the disease in goats and, therefore, the following discussion will 
exclude this species. 

All ages of sheep are susceptible to enterotoxemia. It is generally agreed 
that the most aggressive and vigorous lambs are the most likely victims. The 
inciting cause is thought to be the ingestion of large quantities of highly nutri- 
tive feedstuffs, which results in an indigestion and a static condition of the in- 
testinal tract. Under such conditions it is assumed that, should the animal 
in question be harboring a toxogenic strain of Cl. perfringens Type D, the or- 
ganisms are provided with a suitable environment and grow rapidly, producing 
toxin. Under laboratory conditions it is definitely known that toxin can be 
produced only if the selected media contains nutritives that induce rapid 
growth. Usually 500 mouse MLD per cc. are found in the contents of the 
intestinal tract in the region of the jejunum in lambs which have succumbed to 
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enterotoxemia. Baldwin ef al.!® demonstrated that lambs weighing approxi- 
mately 100 pounds were killed by the intravenous administration of 2,000 mouse 
MLD. 

Suckling lambs two months of age or less are frequently victims of entero- 
toxemia. This is particularly the case in Australia and New Zealand, as well 
as in the United States. The incidence of the disease has been observed to be 
greater in single rather than twin lambs, presumably because of the more abun- 
dant supply of milk from the ewe. Active immunization of the ewe during 
pregnancy by means of Cl. perfringens Type D toxoid is successful in providing 
the suckling lamb with passive protection for a period up to two months. 
Antitoxin is readily transferred via the dam’s colostrum and milk to the off- 
spring. 

Enterotoxemia losses are common among pastured lambs, particularly dur- 
ing the spring of the year when the pasture is rich in feed value. Any sudden 
change from poor to rich pasture is apt to precipitate losses. The chronic form 
of enterotoxemia, characterized principally by a profuse diarrhea and inappe- 
tence, is quite commonly observed in outbreaks occurring in pastured animals. 

Feeder lambs are subject to losses from enterotoxemia because of the desire 
of their owners to fatten the lambs as quickly as possible by feeding large 
quantities of grain concentrates. Losses in nonimmunized animals not in- 
frequently reach alarming proportions (5 to 20 per cent). Unfortunately the 
animal owner cannot predict which animals are more prone to succumb to this 
disease. For example, heavy losses may occur when one group of lambs is 
fed less than a pound of grain per day, whereas the next group may suffer no 
losses when fed twice that quantity. Prior to the use of biologics to control 
enterotoxemia losses, the best managed group of feeder lambs was expected to 
experience a loss of 3 to 5 per cent during a fattening period of three months. 
It is now common practice to immunize feeder lambs with a whole-culture 
toxoid, one injection of which provides adquate protection against losses. 
Approximately 3 million doses of this biologic are used annually. A specific 
antitoxin is also used widely to stop losses occurring in nonimmunized feeder 
lambs. Prior to the advent of effective immunizing agents in 1949, the only 
method of controlling an outbreak of enterotoxemia was to reduce drastically 
the intake of feed concentrates, thus increasing the length of time and cost 
necessary to produce a marketable fat animal. 

Mature sheep occasionally are affected with enterotoxemia. The extent of 
such losses is not known in this country. Serological evidence indicates that 
subclinical enterotoxemia does occur and, logically, if this be the case, the older 
the animal the greater the likelihood of natural active immunity. 

Symptomatology. Acute enterotoxemia is characterized principally by a 
rapid progressive weakness accompanied by signs of central nervous system 
disturbance. Listlessness, incoordination, salivation, dyspnea, opisthotonus, 
convulsions, and coma are the outstanding symptoms. Death generally occurs 
within four to eight hours after the onset of symptoms. Occasional animals 
may die in less than one hour. Mortality of affected animals approaches 100 
per cent. Specific antitoxin therapy is effective in approximately 50 per cent 
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of the cases if it is initiated early in the course of symptoms. Since death 
occurs rapidly there is little opportunity for diarrhea to occur in the average 
case. Animals that live 24 hours or more generally develop a profuse diarrhea. 

Chronic enterotoxemia is characterized by a watery diarrhea and inappetence, 
as well as the sequelae of these symptoms. Nervous symptoms are infrequent. 
Occasional animals recover and can be demonstrated to contain circulating 
antitoxin. 

Necropsy findings. Animals that die of the acute form of enterotoxemia will 
generally exhibit the following gross pathology: cardiac hemorrhages most 
frequently located subendocardially, congestion of the mesenteric blood vessels, 
petechial and ecchymotic hemorrhages on the thymus, congestion and swelling 
of the kidneys, congestion of the abomasum and small intestine, and large 
blotchy-type hemorrhages in the muscles, diaphragm, small intestine, perito- 
neum, and pleura. The kidneys degenerate into a pulpy mass a few hours after 
death, which characteristic gives rise to the name “‘pulpy kidney disease”. Not 
infrequently, only minor pathological changes are observed. 

Chronic enterotoxemia is characterized principally by a mild to moderate 
catarrhal gastroenteritis involving the abomasum and small intestine. Other 
gross pathology is frequently absent except for secondary complications such 
as pneumonia. 

Control. A specific toxoid and antitoxin are available to control losses from 
enterotoxemia. Both have stood the trial of time and have been generally 
accepted by the sheep industry as being effective products. 


Discussion 


Cl. perfringens Types C and D are the only recognized causes of specific dis- 
ease entities in this country. The enterotoxemias caused by them are respon- 
sible for an undetermined but unquestionably large loss to the livestock in- 
dustry annually. Particular emphasis has been placed upon the acute form 
of these diseases, but what of the subacute and chronic enterotoxemia charac- 
terized principally by diarrhea? It is possible that loss from these less dramatic 
forms of enterotoxemia may also be of considerable economic importance. 
This is only one of many fields of investigation open for exploration. 

The study of enterotoxemia as caused by Cl. perfringens and possibly other 
bacteria is in its infancy. There exists little doubt that knowledge gained in 
the future will reveal that this entity is of greater importance and of wider 
scope than heretofore recognized. 


Summary 


The genus Clostridium contains only one organism directly associated with 
diarrheal disease: Clostridium perfringens (welchii). 

Cl. perfringens is classified into six types, each type producing a different 
toxin pattern. The toxins are antigenically distinct and may be common to 
more than one type. In the United States Types C and D have been incrimi- 
nated as the cause of distinct animal diseases associated with diarrhea. 

Hemorrhagic enterotoxemia, a disease of suckling calves and lambs, is caused 
by the toxins of Cl. perfringens Type C. In this disease death may occur within 
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2 to 24 hours after the onset of symptoms. The longer the course of the dis- 
ease the more likely the development of diarrhea, which is frequently hemor- 
rhagic. Chronic nonfatal cases characterized principally by diarrhea probably 
occur according to field observations and serological evidence. Beta toxin, 
the major toxin of Cl. perfringens Type C can be readily demonstrated in the 
jejunem and ileum of animals dead of the disease. Beta toxin is necrotizing 
and lethal. The necrotizing effect of the toxin is evidenced by extensive severe 
necrosis of the intestinal mucosa. 

Ovine enterotoxemia is a disease of sheep of all ages, caused by the toxins 
of Cl. perfringens Type D. The course of the acute form of the disease isusually 
four to eight hours and is characterized by severe nervous symptoms, prostra- 
tion, coma, and death. ‘The chronic type is characterized principally by diar- 
rhea and inappetence. The major toxin of Cl. perfringens Type D is termed 
epsilon and it is necrotizing and lethal. The lesions it produces in the small 
intestine are less intense than those due to beta toxin. 
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GAMMA GLOBULIN DEFICIENCY IN INFANCY* 


By David M. Spain, Victoria A. Bradess, and Irving J. Greenblatt 


Department of Laboratories of Beth El Hospital, Brooklyn, N. Y., and the Medical 
Examiner’s Office of Westchester County, Valhalla, N. Y. 


Interest in gamma globulin levels in infants was stimulated by the problem 
of the large number of sudden unexpected deaths in infants that came to the 
attention of the Westchester Medical Examiner’s office, Valhalla, N. Y. ‘These 
infants, in apparently good health and without any significant history, symp- 
toms, or signs of illness, are usually found dead in a crib or carriage within 
hours after last being seen or fed. Years ago these deaths were considered the 
result of strangulation or suffocation, thought to have been brought about by 
smothering with bed clothes or pillows or by aspiration into the lungs of the 
contents of the previous feeding. As many of these infants found dead in their 
cribs have been found lying face up, however, as have been found lying face 
down. Significant numbers have been found dead during the summer season 
when no bed clothes are used. Careful post-mortem examinations have usually 
revealed no evidence of aspiration into the tracheobronchial tree. For these 
reasons the concept of suffocation has been abandoned. Considerations such 
as compression of the heart or trachea by an enlarged thymus gland, as well as 
numerous other theories, have likewise been discarded as untenable. 

Analysis of the circumstances surrounding these cases points toward infection, 
particularly in the respiratory tract, as being the most likely precipitating fac- 
tor in the deaths of most of these infants. The extensive studies in sudden 
death in infancy by Werne! support this view. In many of these cases, how- 
ever, the anatomic evidence of infection is either absent or entirely insufficient 
to account for the rapid course of events, especially in the absence of any pre- 
vious clinical manifestations. 

Eighty-one of these sudden natural deaths in infants under the age of six 
months were studied by us during the period from 1950 to 1954. These cases 
were completely autopsied, and post-mortem bacteriological studies were made. 
No opportunity for virus studies presented itself. The usual post-mortem 
findings consisted of congestion of the lungs with varying degrees of edema, 
subpleural petechial hemorrhages, and subepicardial and pericardial petechial 
hemorrhages. These findings were considered merely terminal and nonspecific 
events. Post-mortem cultures of nasopharynx, lungs, and spleen revealed a 
variety of organisms, some of which were pathogens and others not. Careful 
search for foci of infection or inflammation revealed that of the 81 cases, 26 had 
significant respiratory infections; 21 had only minimal evidence of focal inflam- 
mation, most frequently found in either the upper and/or lower respiratory 
tracts; and 34 had no significant anatomic findings whatsoever. None of these 
cases presented any anatomic evidence of intestinal infection. This was to 
have been expected because cases with a previous history of diarrhea would 
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not have been referred to the Westchester Medical Examiner’s office as unex- 
plained deaths. 

Review of the ages at which death occurred in these 81 cases revealed that 
the 55 cases with only minimal or negative findings had a peak incidence be- 
tween 10 and 12 weeks, whereas the 26 cases with significant respiratory in- 
flammation had no such peak incidence (FIGURE 1). 

The seasonal incidence indicated that these deaths are more frequent during 
the time of the year when respiratory infections are most prevalent. In June, 
July, August, and September there were 12 cases, whereas in November, De- 
cember, January, and February there were 37 cases. 

During the first few months of life an infant is dependent on the antibodies 
obtained from its mother during fetal life. While the fetal gamma globulin 
level may exceed the maternal level, the gamma globulin concentration in the 
infant’s serum decreases during the first two months of life and begins to rise 
after three months, but does not return to a ‘‘normal’’ level until about the 
age of five years.) * At about the age of two or three months the infant begins 
its own synthesis of antibodies. Although there is no direct parallel between 
antibody titer and serum gamma globulin levels, it is recognized that the gamma 
component includes many of the antibody globulins. The age between one 
and three months might therefore be regarded as a critical and transitional 
period in regard to antibody and immune mechanisms of the infant. Because 
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Ficure 1. The age incidence of sudden unexpected deaths in 55 infants with no significant evidence of in- 
flammation and in 26 infants with significant evidence of inflammation. 
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the period of the most frequent occurrence of these deaths in infants coincides 
with this transitional period; because most of the cases occur during the time 
of the year when respiratory infections are prevalent; and because the majority 
of these cases revealed either no or, at most, scant evidence of inflammation 
resembling the response seen in nonimmune animals, it was decided to study 
post-mortem gamma globulin levels in any new cases that came to our atten- 
tion. 

These studies were begun before we were aware of the condition known as 
agammaglobulinemia. Bruton‘ was the first to report this entity. In his first 
case no antibodies could be demonstrated after the administration of typhoid 
vaccine in the usual manner, and electrophoretic analysis revealed a complete 
absence of gamma globulin despite the presence of the other proteins in normal 
amounts. Since his original report Bruton, as well as others,*: © 7 have reported 
more cases and haye elucidated further on this condition. The most recent 
classification of hypogammaglobulinemia or agammaglobulinemia is as follows:* 
(1) primary agammaglobulinemia, including congenital agammaglobulinemia, 
adult (acquired) agammaglobulinemia, and transient or physiologic hypogam- 
maglobulinemia; and (2) secondary hypogammaglobulinemia, 7.e., that seen in 
nephrotic syndrome where there is considerable loss of protein. 

The infants or children with primary agammaglobulinemia clinically revealed 
an unusual number of severe bacterial infections, particularly pneumonia, 
septicemia, and meningitis. It is interesting to note that intestinal infections 
are not generally included among the complications of this condition. In this 
situation gamma globulin injections are of prophylactic value, whereas anti- 
biotics are of therapeutic value. 

In the present study we were concerned primarily with the transient or phys- 
iological form of hypogammaglobulinemia. This differs from the primary form 
in many respects. The primary form is considered to be a congenital, sex- 
linked, and permanent defect occurring only in males, whereas the transient 
form is physiological and, as the name indicates, temporary. Although the 
incidence of these unexpected deaths in infants is higher in males, there is 
nothing to indicate any hereditary sex linkage. The primary type at post-mor- 
tem examination reveals marked depletion of the lymphoid tissue deposits and 
complete absence of plasma cells in such sites as lymph nodes, spleen, and in- 
testinal wall. Normal or even excessive amounts of lymphoid tissue are pres- 
ent in the infants with transient hypogammaglobulinemia. In the normal 
child, antigenic stimulation of the lymphoid tissue results in the appearance of 
plasma cells containing antibodies specific for the stimulating antigens. Such 
is not the case in primary agammaglobulinemia.? Whether or not antigenic 
stimulation of a similar nature would result in a significant plasma cell response 
during periods of physiological hypogammaglobulinemia is not known. In rats 
or mice proper antigenic stimulation results in a marked increase in the number 
of plasma cells in the spleen as well as in other sites. Whether or not there are 
age differences in this response is not known. In the primary type the usual 
gamma globulin level is below 30 mg. per cent, whereas such extremely low 
levels are unusual in the transient form. 


A fatal case of a generalized vaccinemia has been reported by Keidan ef al.'° 
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TABLE 1 


Post-MORTEM SERUM GAMMA GLOBULIN LEVELS (MILLIGRAMS PER CENT) IN 
INFANTS DyING SUDDENLY AND UNEXPECTEDLY 


Males Females 
Infants with significant evidence 744 731 
of infection 814 751 
881 851 
Infants without significant evi- | 54 279 0 
dence of infection | 84 466 96 
101 588 102 
129 804 | 777 
150 822 | 820 
180 941 


in an eight-week-old baby girl whose electrophoretic analysis showed a defi- 
ciency in gamma globulin. This must have been the transient form. The 
infant had been vaccinated at the age of eight weeks. A small vesicle appeared 
on the vaccination site one week later. Secondary lesions developed two weeks 
later, and fresh lesions continued to appear until death, five weeks later. No 
neutralizing antibodies for vaccine virus could be demonstrated. Other ob- 
servers" ” have reported the failure to agglutinate antigens in patients with 
abnormally low gamma globulin levels due to hypoproteinemia. 

To date, post-mortem electrophoretic gamma globulin examinations have 
been performed on 23 cases of unexpected deaths in infants (TABLE 1). In 
addition, 20 more post-mortem determinations have been performed on infants 
and children with obvious known causes of death. It may be noted in TABLE 1 
that in 9 of the 23 cases the gamma globulin levels were below 200 mg. per cent. 
In one instance it was completely absent and, in 3 cases, it was below 100 mg. 
per cent. The normal gamma globulin range in serum is considered to be be- 
tween 600 and 1200 mg. per cent. The critical levels below which there is a 
predisposition towards infection, however, is considered to be below 100 mg. 
per cent. Trouble is usually not encountered in infants during the period of 
physiological hypogammaglobulinemia. Gitlin’ reported a low level of 75 mg. 
per cent in one case, however, and also noted that in several of the infants the 
hypogammaglobulinemic state persisted for several months and was associated 
with recurrent severe infections. Krebs!! reported a marked depression of 
gamma globulin levels in hypoproteinemia due to malnutrition. It is conceiv- 
able that infants with severe enteric infections with resultant malnutrition and 
hypoproteinemia could develop marked depletion of gamma globulin, particu- 
larly if the enteric infection should occur during the period of transient or 
physiological hypogammaglobulinemia. It was also interesting to note that in 
all cases in this study where the post-mortem finding revealed significant in- 
flammatory response, the gamma globulin levels were above 700 mg. per cent. 
In the other 20 control cases that consisted of infants and young children who 
died from such obvious causes as trauma, e/c., the gamma globulin levels were 
always above 450 mg. per cent. 

From this data it is impossible to conclude that a low gamma globulin level 
in itself is the significant factor in the pathogenesis of sudden and unexpected 
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death in infancy. One cannot dismiss the fact, however, that the majority of 
these deaths occur at that period of life during which there is a change-over 
from the utilization of maternal antibodies to the synthesis of antibodies by the 
infant. It should also be remembered that antibodies have also been found on 
other protein fractions such as alpha and beta globulins. Furthermore, cases 
of recurrent and chronic infections have been reported in infants with hyper- 
gammaglobulinemia. This indicates perhaps that the level of gamma globulin 
may not be as important as its make-up or quality. In addition, other mecha- 
nisms of natural resistance such as the properdin system, lysozyme, the phago- 
cytic system, and complement must also be considered in studying the problem. 
Thus it might well be possible to havea condition of low resistance to infections 
with a normal or high concentration of gamma globulin in the circulation. 
Studies along these lines in these unexpected deaths in infants are still indicated, 


Summary 


Study of post-mortem gamma globulin levels in infants who had died sud- 
denly and unexpectedly with no adequate cause revealed that 9 of 17 had levels 
below 200 mg. per cent. In other infants who have died suddenly and unex- 
pectedly, but have had significant anatomic evidence of infection, the gamma 
globulin levels have all been over 700 mg. per cent. These results indicate 
that, although the immune mechanisms may be involved, the level of gamma 
globulin cannot be considered the determining factor in the mechanism leading 
to the death of these infants. 
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EPIDEMIC DIARRHEAL DISEASE OF VIRAL ORIGIN 
OF NEWBORN CALVES* 


By C. A. Brandly and A. W. McClurkint 


Departments of Veterinary Science and Bacteriology, University 
of Wisconsin, Madison, Wis. 


Recent reviews of the literature on diarrheal disease of newborn calves 
(Moll,! and Lovell*) implicate a variety of bacteria in a primary or secondary 
role. The relative dearth of reports of diarrhea of viral etiology often asso- 
ciated with pneumonia among very young calves (Baker, Jennings, and Glover,® 
Moll and Brandly,® and McClurkin?) may be attributed to the later develop- 
ment of applicable methods for virus detection and characterization, and to 
reluctance to deviate from the generally accepted concept that neonatal calf 
pneumonia-enteritis is a colibacillosis. Recent published reports and other 
papers in this monograph emphasize and clarify the current progress toward 
defining the role of viruses in diarrheal diseases of the newborn of various higher 
animals and man. 

An etiological agent of calf pneumonia-enteritis (CPE) prevalent among 
herds of dairy cattle in Wisconsin has been characterized as a virus by means 
of serial transmission in calves, using a bacteria-free inoculum, and by serial 
passage in the gravid uterus of mice and guinea pigs. Further evidence for the 
viral nature of the agent is provided by its ability to pass through Schleicher 
and Schuell membrane ultra filters of 50- to 80-mu effective pore size. Mem- 
brane filters of 10- to 50-muy effective pore size appear to withhold the virus. 
The inability to grow except in the presence of living cells, resistance to certain 
antibiotics, and the demonstration of a virus protective substance in colostral 
whey also attest to the viral nature of the agent. Furthermore, electron 
microscopy reveals a particulate agent with viral features. 

Calf pneumonia-enteritis is manifested by a watery yellow diarrhea and 
interstitial pneumonia at one to three days of age (McClurkin). Resistance 
to infection with the virus increases markedly during the second and third 
days of life, and exposure after 48 hours of age seldom results in the acute fatal 
disease (TABLE 1). 

Exposure of susceptible calves to an aerosol of the virus has proved to be 
the only uniformly satisfactory method of transmitting the disease. The oral, 
intranasal, and intravenous routes of exposure have given equivocal results. 
An infective aerosol has been produced by a No. 166 Vaponefrin nebulizer under 
10 lb. of air pressure. A 10 ml. solution of the virus was nebulized into a metal 
chamber of 14 cu. ft. capacity in which the calf was confined. The exposure 
time allowed and required for infection was 50 to 60 minutes. 


* This paper includes data and a report on work included in a thesis to be submitted by A. W. McClurkin to 
the Graduate School, University of Wisconsin, in 1956 in partial fulfillment of the requirements for the Ph.D. 
degree. The work reported constitutes a part of project 565 of the Wisconsin Agricultural Experiment Station, 
the support of which was supplemented by funds from the National Institutes of Health and from the Graduate 
School, University of Wisconsin. Published with the permission of the Director of Agricultural Experiment 
Station, University of Wisconsin, Madison, Wisconsin, as paper NS 202 of the Department of Veterinary Science. 

+ Present address: United States Department of Agriculture, Agricultural Research Service, Ames, Iowa. _ 

The authors are indebted to Doctor P. J. Kaesberg, Department of Biochemistry, University of Wisconsin, 
for preparing the slides and taking the electron microscopic photographs of the virus. 
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TABLE 1 

INFLUENCE OF AGE ON CLINICAL MANIFESTATIONS OF CPE AMONG COLOSTRUM- 
DEPRIVED CALVES Exposep TO AN AEROSOL OF CPE 

Virus CONTAINED IN LUNG FILTRATE 


Calf no. | ie de Dilution of inocula an acini Termination 
| in hours | | in hourst 

H54 | 12 1:20 48 acute died 

H57 3 1:200 | 24 acute died 

H58 | 48 1:1000 12 abortive recovered 

Hol 18 1:4000 | a30 acute died 

Ho2* 6 1:40,000 36 abortive recovered 

H63* | 12 1:40,000 36 abortive recovered 

H64 | 12 1:16,000 | 36 acute died 

H66 10 1:32,000 36 acute died 

H67 | 16 1:32,000 36 acute died 

H76 108 1:10,000 none remained healthy 

H77 | 96 1:10,000 72 abortive recovered 

H80 | 96 1:10,000 24 subacute destroyed 

H81 | 44 1:10,000 24 acute died 

H82 16 1:10,000 | 24 acute died 

H83 50 1:10,000 72 abortive recovered 

H86 40 1:10,000 24 acute died 

H88s 108 1:10,000 24 subacute | recovered 

H91 72 1:10,000 36 abortive recovered 

H92 48 1:10,000 12 abortive recovered 

H114 56 1:10,000 48 abortive recovered 

H113 72 1:10,000 | 24 ~ abortive recovered 

H116 64 1:10,000 36 abortive recovered 

H122 5 1:10,000 24 acute died 


* Virus diluted beyond lethal end point. 
} Calves observed at 12 hour intervals. 


Some of the characteristics of survival of the virus were studied by exposing 
susceptible calves to an aerosol of the virus treated with different chemical 
agents or subjected to different environmental influences* (TABLE 2). 

The fact that the virus was stable at 56° C. for 90 minutes and in the presence 
of diethyl ether for 24 hours permitted preparation of a purified virus suspen- 
sion from diseased lung tissue. ‘The lung tissue, suspended in saline, was held 
at 56°C. for one hour, then frozen at —30°C. The fluid was separated from 
the tissue substance by initiating centrifugation of the tissue in the frozen con- 
dition. The resulting supernatant fluid was treated overnight at 4° C. with. 
diethyl ether. The ether fraction was discarded, and a series of low and high ° 
speed centrifugation cycles was carried out with the aqueous portion. By 
alternate suspension in saline and distilled water the virus was separatec from 
the tissue components by differential centrifugation. A Spinco model L centri- 
fuge was utilized for the high speed processing. Low speed centrifugation was 
carried out at 3,000 rpm in a size 1 type SB International centrifuge. Average 
centrifugal force was applied 54,450 X gravity for 4 hours, and 59,310 for 3 
hours. é 

The final pellet was resuspended in distilled water. An aeroso! prepared 
from a 1:200 dilution of the purified virus material, with polystyrene latex 
particles of 132 my, was applied to a collodion-treated electronmicroscope grid 
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TABLE 2 
CHARACTERISTICS OF SURVIVAL OF THE CPE Virus, Usinc 
SUSCEPTIBLE CALVES AS AN INDICATOR 


Calf No. Condition sen | Termination 
H171 56°C. for 30 minutes | acute | died 

H175 56°C. for 60 minutes | acute | died 

H181 56°C. for 180 minutes | none | remained healthy 
H184 56°C. for 90 minutes | acute | died 

H100 56°C. for 360 minutes none | remained healthy 
H122 | —20°C. for 6 months | acute died 

H163 —20°C. for 11 months | abortive recovered 

H275 —20°C. for 29 months | none | remained healthy 
H274 dried at 25°C. for 12 months | acute died 

H191 | phosphate buffer pH 5.4 | acute died 


H195_ | phosphate buffer pH 5.4 stored at —20°C. 


| subacute recovered 
for 10 days 


H266 | hydrochloric acid—pH 1.3 for 1 hour at 25°C. | acute | died 

H267 hydrochloric acid—pH 1.3 for 1 hour at 25°C. | acute | died 

H271 NaOH pH 13 for 1 hour at 25°C. | none remained healthy 
H273 | formalin 2% for 1 hour at 25°C. none remained healthy 
H177 | diethyl ether at 4°C. for 24 hours acute died 

H188 diethyl ether at 4°C. for 24 hours | acute | died 

H189 diethyl ether at 4°C. for 24 hours | acute | died 

H250 chloromycetin 250 mgm., 25°C. for 2 hrs. | acute | died 

H270 | chloromycetin 250 mgm., 25°C. for 2 hrs. acute died 

H124 terramycetin 250 mgm., 37°C. for 1 hour | subacute recovered 

H98 penicillin 100,000 units acute | died 


streptomy cin—1 gram, 37°C. for 1 hour 


for one minute. The material was shadowed at an angle of 11° with uranium. 
The results of electron microscopy revealed a spherical particle of 17 mw that 
was not present in normal lung material prepared in an identical manner 
(FIGURE 1). 

When susceptible calves were exposed to an aerosol of the purified virus the 
ensuing acute fata! disease was the result. These findings together with the 
filtration results, which suggested an infectious particle of less than 25 mu, 
indicate that the particle seen in the slide preparation represents the virus. 

Attempts to discover an indicator host other than the calf have been unsuc- 
cessful. The virus, however, has been shown to live and propagate in the 
gravid uterus of the mouse and guinea pig. Signs of the virus infection could 
not be seen, but when susceptible calves were exposed to the virus contained 
in the guinea pig or mouse uterine tissues they developed the typical acute 
disease, indicating the presence of an infection by the virus. The rodent tis- 
sues represented the 12th passage in the 2 species, and its lethal titer for calves 
was 10-2. In contrast, the maximum lethal titer of infective calf lungs ob- 
tained was 10-4. With the serum and feces, only undiluted material was 
lethal. 

A substance capable of protecting calves and remaining stable at 56° C. for 
at least 30 minutes is present in colostral whey but the whey must be fed at 
least 2 hours prior to exposure in order to demonstrate the presence of the 
protective substance. Feeding the colostral whey after exposure to the virus 
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Ficurr 1. CPE virus particle from purified diseased calf lung. The large white ball is polystyrene latex 
of 132 mudiameter. 160,000. * 


TABLE 3 
PROTECTION AFFORDED CALVES BY FEEDING 500 ML. oF CoLostRAL WHEY 


— = —— — - es 


Calf No. Time administered in relation to Clinical signs Termination 
exposure to the virus | 
—— a i LS See nk 
H190 5 hours prior to exposure | mone | remained healthy 
H219 12 hours prior to exposure none remained healthy 
H220 8 hours prior to exposure | none | remained healthy 
H285 6 hours prior to exposure none remained healthy 
H214 immediately before acute | died 
H192 114 hours postexposure | abortive | recovered 
H199 114 hours postexposure acute | died 
H202 14 hours postexposure none remained healthy 
H203 134 hours postexposure | acute | died 
H206 114 hours postexposure | subacute | recovered 
H216 114 hours postexposure | acute | died 
A197 4 hours postexposure | acute died 
H198 4 hours postexposure | acute died 


— : = = — ———— = 


has had very little value (TABLE 3). A virus-inactivating substance in colostral 
whey has not been demonstrated by the in vitro technique. This suggests 
that the protective power of colostrum may depend upon some factor, in addi- 
tion to globulins, that augments the host resistance and is manifest only in the 
presence of the host tissues. 

An investigation of the possible presence of the virus in apparently normal 
bovine animals was undertaken in order to elucidate the probable epizootiology 
of the disease. ‘I'wo composite samples of cow lung and two composite samples 
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of calf lung were collected from the local abattoir in September 1953 and in 
June 1955. These samples were taken from animals purchased for slaughter, 
and showed no grossly visible lesions. When susceptible calves were exposed 
to 1:5 and 1:10 dilutions of filtrates prepared from these samples they devel- 
oped the typical disease, indicating that the virus was present in apparently 
normal carrier animals. The presence of virus in the lung of apparently healthy 
animals suggests that they are the reservoir for the virus. Inasmuch as the 
effective method of experimental transmission is by means of an aerosol, it 
would appear that the natural method of transmission and spread may be by 
means of infectious particles passing from the healthy carrier to the susceptible 
animal, perhaps through the air. The virus could be built up to a lethal con- 
centration in the atmosphere of a barn, and exposure of the newborn calf would 
take place as soon as it started to breathe. Such factors, rather than low tem- 
peratures per se, may account for the increased incidence of calf pneumonia- 
enteritis during the winter months. Experimental work in which calves were 
kept at 20° to 30° F. did not indicate that low temperatures lowered the sus- 
ceptibility of the calves to the virus, nor did the low temperatures enhance the 
infectivity by means other than aerosol exposure. 

In the preliminary work, the problem of securing healthy colostrum-free 
control calves appeared to be almost insurmountable. As the air-borne nature 
of the disease and the high frequency of the virus-carrying host became evident, 
however, emphasis was placed upon securing calves in those seasons of the year 
when the barns were open and the adult animals were not housed in the barn 
except at milking time. As an added precaution the calves were separated 
immediately from their dams and placed outside or in a building not used to 
house cattle. By this practice a total of 82 colostrum-deprived calves were 
secured and held as controls for the problem. ‘The controls indicate that under 
the proper conditions healthy colostrum-deprived calves can be obtained. 
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EPIDEMIC DIARRHEAL DISEASE OF VIRAL ORIGIN 
IN NEWBORN SWINE* 


By E. O. Haelterman and L. M. Hutchings 
Department of Veterinary Science, Purdue University, Lafayette, Ind. 


The knowledge of viral diseases that are primarily diarrheal in young swine 
is limited at present to one disease. This disease has been called transmissible 
gastroenteritis of swine (TGE). It is probable that there are other viral agents 
that cause similar disease in pigs, and it is entirely possible that all of the symp- 
tomatology designated as transmissible gastroenteritis is not caused by the 
same virus. Furthermore, diarrhea may be among the manifestations of other 
viral diseases, such as hog cholera, that are not considered primarily enteric, 
and in which serious losses are not limited to newborn swine. 

The initial demonstration of the transmissibility of this disease and a partial 
characterization were reported by Doyle and Hutchings! in 1946. Transmis- 
sible gastroenteritis has since been studied as part of the North Central Re- 
gional Project on Death Losses in Young Pigst and has also been investigated 
at the Veterinary Virus Research Institute at Cornell University, Ithaca, N. Y. 

Transmissible gastroenteritis has been reported in most or all of the major 
swine-producing states of this country?-® and is recognized as one of the impor- 
tant causes of death losses in newborn swine. It occurs most frequently in 
sporadic outbreaks that affect the swine on only one farm in a community, al- 
though occasionally the disease spreads from farm to farm and becomes a 
community problem. Outbreaks may occur at any time during the year, but 
most of the cases are seen in the late winter and spring. Possible contributing 
factors for this seasonal incidence are that larger numbers of pigs are farrowed 
during these seasons and that these pigs are usually farrowed in relatively con- 
fined quarters such as central farrowing houses or closely placed individual 
farrowing houses. Under these conditions, losses of several hundred pigs in a 
week or two are not uncommon. The source of infection on farms in which 
isolated outbreaks occur has not been determinable in most of our cases. Oc- 
casionally it has been found that new swine had recently been introduced into 
the herd, suggesting that these new animals were carriers of the virus. More 
often, however, no new swine had been added to the herd for long periods; the 
last additions usually being boars purchased four to six months previously. 

Although transmissible gastroenteritis is often regarded as a disease of baby 
pigs because of the high mortality rate in this group, all ages of swine may be 
affected. The manifestations of the disease in swine more than a few weeks of 
age are quite variable, and infection may be inapparent. In baby pigs, especi- 
ally those under 10 days of age, the clinical features are quite constant. The 
incubation period is very short. The first sign, usually vomition, may be ob- 
served as soon as 16 hours, usually within 24 hours, and rarely as long as 72 


* Submitted as Journal Paper No. 932, Agricultural Experiment Station, Purdue University, Lafayette, Ind. 
j This project, authorized under the Metcalf-Hatch Act of 1952, is being carried out at the Agricultural Ex- 
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hours after experimental exposure. In naturally exposed herds, where pigs are 
born in infected quarters, they usually sicken the day after birth. Vomition is 
followed quickly by a profuse diarrhea which is usually yellowish but may be 
greenish or whitish in color and sometimes has the appearance of slightly curdled 
milk. Near the onset a slight elevation of temperature may occur, but most 
pigs show normal or slightly subnormal temperatures. The pigs lose weight 
rapidly, become dehydrated, and show an excessive thirst. Affected pigs will 
consume considerable quantities of water if it is available. The young animals 
become progressively weaker, and death usually follows two to five days after 
the onset. In baby pigs that survive, diarrhea usually persists for 5 to 10 
days. The mortality rate among newborn pigs in a newly affected herd often 
approaches 100 per cent. 

Sows with affected litters may show vomition, diarrhea, and a diminution 
of milk secretion or they may show merely a transient inappetence or often no 
signs of disease at all. Shoats and fattening hogs on infected premises fre- 
quently develop profuse watery diarrhea which spreads rapidly through the 
drove, affecting most of the animals. In these the course is quite short. Most 
of the older animals recover in two to five days, with a few in a herd showing 
diarrhea for as long as a week. Spontaneous recovery of swine over two or 
three weeks of age is the general rule, and death losses in this age group are rare. 

The pathological changes in affected pigs are quite variable and are probably 
influenced by the presence of secondary pathogens. Affected baby pigs kept 
in isolation often show no gross changes at death except dehydration, excessive 
fluid in the intestines, and slight congestion of the mesenteric blood vessels. 
Other affected pigs may show varying degrees of inflammation in the gastro- 
intestinal tract. There may be moderate to severe hyperemia of the gastric 
mucosa, especially in the fundus, and the mucosa of any part of the intestinal 
tract may be congested. Microscopically, there may be necrosis and loss of 
the surface epithelium and infiltration of the mucosa by neutrophils. The 
renal medulla is often congested, and the tubular epithelium of the cortex may 
show albuminous or fatty degenerative changes. No inclusion bodies have 
been demonstrated. 

Transmissible gastroenteritis is serially transmissible in pigs with filtrates 
that fail to produce growth on a variety of media and culture conditions! § 
and with materials treated with penicillin and streptomycin im vitro. Bay et 
al$ found that the virus was inactivated by concentrations of 0.5 per cent 
phenol, by 0.05 per cent formalin, and by a temperature of 56° C. for 30 min- 
utes. Suspensions of intestinal tract tissues containing virus kept at room 
temperature for 10 days or desiccated over sulfuric acid for the same length of 
time were shown to be inactive. Suspensions treated similarly for 3 days 
caused the disease in baby pigs. The virus appears to be quite stable when 
stored in the frozen state. One lot of intestinal tract extract that was shown 
to be infectious at a 10-* dilution on storage was found to be infective at 10-* 
after one and one-half years of storage at —18° C. 

The virus has not been shown to be pathogenic for any species other than 
swine, and attempts at propagation in embryonating chicken eggs have been 
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unsuccessful. The virus apparently has an affinity for epithelial tissue, espe- 
cially that of the intestinal tract. There is a viremia in affected pigs for at 
least part of the course of the disease, and virus has been demonstrated in most 
of the viscera. We have found the highest titers of virus suspensions or ex- 
tracts in the intestinal tract, and high titers have also been found in the kidney.® 
A study recently reported by Young e? al.’ gave evidence that the virus mul- 
tiplies mainly in the intestinal tract. This work also showed that multiplica- 
tion also occurred in the nasal mucosa of pigs exposed at five days of age and 
in the lungs of pigs exposed two hours after being taken from the dam by hys- 
terectomy. 

The virus is present in the feces during the acute phase and is easily demon- 
strated by oral inoculation of pigs. It has been recovered for periods from two 
to eight weeks after inoculation of young pigs by Lee e¢ al.® 

The disease is easily transmitted by contact with affected animals and by 
oral or intranasal administration of infective material. Keeping healthy pigs 
in the same room with infected ones but in separate cages has resulted in cross- 
infection in spite of rigid precautions to prevent transmission other than by 
air, suggesting that the infection may be airborne. 

There are conflicting reports on the results of parenteral inoculation. Bay 
et al.® reported transmission of the typical disease by the intracranial, intra- 
peritoneal, intramuscular, and subcutaneous routes. Lee et al. reported that 
pigs inoculated intramuscularly, subcutaneously, or intraperitoneally showed 
a slight rise in temperature as the only sign of infection, while Young et al. 
found that infection by the intraperitoneal route occurred only following in- 
jection of a very large dose of virus. 

Field observations have been made in which it appeared that sows exposed 
three or more weeks before farrowing gave birth to pigs that were resistant to 
the disease. Bay et al.!° reported immunity in pigs born to sows exposed orally 
to infective gastrointestinal tract tissue 40 or more days before farrowing. 
More recent experiments at our laboratory, in which sows were exposed ex- 
perimentally or naturally, indicate that some degree of resistance may be 
transmitted from the sow to her pigs. When pigs from these sows were ex- 
posed either orally or by contact, most of them developed a diarrhea, but only 
after a prolonged incubation period. Moreover, the disease in these pigs was 
relatively mild and most of them survived. This immunity was transmitted 
through the colostrum, since pigs removed from these sows to isolation quarters 
before suckling were highly susceptible. 

Attempts at transmission of passive immunity by the use of antiserum have 
largely failed. We have used sera taken from swine at different ages up to 
one year. ‘These sera were collected from young pigs that had recovered from 
the disease or from older animals after repeated oral and intravenous exposure 
to the virus. In various dosages, the sera were given orally, intraperitoneally, 
or subcutaneously to baby pigs before and at the time of experimental exposure, 
as well as shortly after birth in a natural outbreak. All of the pigs so treated 
and exposed, with only one exception, developed the disease. Some lived 
slightly longer than controls but very few survived. Attempts to confer im- 
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munity with gamma globulin from repeatedly exposed swine have met with the 
same results. 

Sera from swine that have recovered from the disease are capable of neutraliz- 
ing the virus im vilro, This neutralizing capacity is the basis for the only 
serological test for this disease reported thus far." Although this test may be 
used to identify the virus accurately, its use is limited because of the necessity 
of using susceptible pigs as test animals. Satisfactory isolation equipment and 
rearing methods have been developed for the use of baby pigs in virus research,” 
but the fact remains that pigs are a relatively expensive laboratory animal. 

At present the field diagnosis of transmissible gastroenteritis is based upon 
observation of the typical symptoms, especially vomition in baby pigs; rapid 
spread through a herd and the failure of therapeutic agents usually effective 
in enteric infections in swine. Further substantiation of the diagnosis may be 
made by exposing susceptible baby pigs to filtrates or antibiotic-treated sus- 
pensions of feces or intestinal tissues of infected pigs. 

No therapeutic measures reported have proved to be of any value. It is pos- 
sible that treatment directed toward replacement of water, electrolytes, and 
other nutrients would be of value, but in the treatment of swine the economic 
value of the animal and restraint problems limit the application of this type of 
therapy. 

Control of transmissible gastroenteritis is directed mainly toward prevention 
of infection. In herds where pregnant sows have not been exposed during the 
initial outbreak, measures are taken, if facilities permit, to isolate these animals 
and have them farrow in separate quarters. In some instances it has been 
found that selling sows due to farrow in the next four to six weeks has been effec- 
tive by preventing the addition of new susceptible animals during this time. In 
outbreaks where sows will almost certainly be exposed at farrowing, it may be 
practical to expose them deliberately with infective materials taken from pigs 
on the same farm. One report by a practicing veterinarian” indicates that 
control was effected on one farm by this procedure. We deliberately exposed 
the sows on one farm during an outbreak of transmissible gastroenteritis. 
Nearly continuous farrowing was practiced on this farm and, because the sows 
were kept in a pasture remote from the farrowing house, it was likely that they 
had not been exposed. These sows were fed a suspension of intestinal tracts 
taken from the affected pigs. No evidence of disease followed this exposure in 
the sows other than that a slight inappetence for two days was observed by the 
caretaker. In this case the last death losses due to transmissible gastroenteritis 
occurred in pigs born 15 days after exposure of the sows. 


Summary 


Transmissible gastroenteritis is the only primarily diarrheal disease of new- 
born swine in which viral etiology has been established. It is probably present 
in enzootic form in all of the major swine-raising areas of the United States. In 
newborn swine, transmissible gastroenteritis is characterized by a very short 
incubation period, vomition, diarrhea, rapid dehydration and an extremely high 
mortality rate. In older swine infection may be inapparent or it may produce 
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watery diarrhea, occasional vomition and, rarely, prostration. Spontaneous 
recovery within a few days is usual in animals three weeks of age or older. 

The observed pathological changes have been mild to severe inflammation of 
the gastrointestinal tract and congestive and degenerative changes in the kid- 
neys. 

The disease is serially transmissible by oral or nasal instillation of bacteria- 
free filtrates of feces, gastrointestinal tract, lungs, kidney, spleen, or blood serum 
of infected animals. Of these, the intestinal tract appears usually to have the 
greatest concentration of virus. 

The virus is inactivated by heat at 56° C. for one-half hour, by 0.5 per 
cent phenol, 0.05 per cent formalin and, after drying at room temperature, for 
10 days. It is not affected in vitro by penicillin or streptomycin. No species 
other than swine has been shown to be susceptible to this virus and attempts to 
propagate the virus in other species have thus far failed. 

Field and experimental evidence indicates that some degree of immunity 
may be transmitted from previously infected sows to their young through co- 
lostrum. Jy vitro neutralization of the virus by serum from recovered animals 
has been demonstrated. Injection of blood serum from repeatedly exposed 
swine has failed to protect susceptible pigs from the disease. 
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PROPAGATION OF TRANSMISSIBLE GASTROENTERITIS 
VIRUS IN TISSUE CULTURE 


By K. M. Lee 


Veterinary Virus Research Institute, New York State Veterinary College, 
Cornell University, Ithaca, N.Y. 


The causative agent of transmissible gastroenteritis (TGE) has been recog- 
nized for a number of years as a virus that produces a high mortality in young 
pigs. Since the original description of the disease by Doyle and Hutchings in 
1946,! reports have been made from various parts of the United States con- 
cerning serious outbreaks of the disease.24 Thus, it has now become common 
knowledge that the disease occurs wherever swine are raised. 

Until recently, however, inoculation of susceptible animals has remained 
the only means of studying this virus, since no practical serological tests were 
available. Accordingly, studies were initiated to determine whether the virus 
could be propagated in tissue culture and, if so, whether a suitable antigen 
could be prepared for use in serological tests. 


Cultivation of Virus 


Virus used. An outbreak of transmissible gastroenteritis was observed in 
1951, in the vicinity of Ithaca, N. Y. Infective material was secured by 
sacrificing a sick pig, removing portions of the small intestine, and transmit- 
ting the disease to other pigs. This strain of transmissible gastroenteritis 
virus was designated “New York II.’* In studies on filterability, a 10 per 
cent suspension of small intestine from an infected pig was prepared in buffered 
saline, centrifuged at 3,500 rpm for 10 minutes, and the resulting supernatant 
was filtered through Seitz EK pad under 5 |b. pressure. A pig was fed 1 ml. 
of the filtrate. The filtrate produced characteristic signs of TGE. In a 
further test of infectivity, portions of intestine were removed from this pig 
and tested in a similar manner in other pigs. All pigs inoculated became ill. 
The infective filtrate from this tissue was selected as original inoculum for 
tissue culture passage. 

Tissue culture methods. Roller-tube cultures were prepared from pig kidneys 
in a manner similar to that described for the preparation of monkey-kidney 
tissue by Dulbecco and Vogt® and others.*:7 Tissues were obtained from 
pigs ranging from 3 days of age to 16 weeks of age. Initial growth of cells 
was achieved in a medium consisting of Hank’s balanced salt solution 89.5 
per cent, horse serum 10 per cent, and lactalbumin hydrolysate 0.5 per cent, 
pH adjusted to 7.5 with 4.5 per cent NaHCO;. Penicillin and streptomycin 
were routinely added to make the final concentration of 100 units and 100 
ug. per ml. respectively. When a satisfactory growth of epithelial sheet had 
been established in 5 to 7 days, the initial medium was replaced with main- 
tenance medium consisting of either 98.5 per cent Earle’s balanced salt solu- 
tion, 0.5 per cent lactalbumin hydrolysate, and 1 per cent horse serum’ or 
synthetic medium No. 703.8 The cultures then were ready for virus inocu- 
lations and remained suitable for use over a period of 2 weeks without addi- 
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TABLE 1 


EFFECTS OF INOCULATION OF VARIOUS PASSAGE TISSUE- 
CuLtURE MATERIAL ON SUSCEPTIBLE Pics 


= 


Clinical signs Serum titer by CCAT 
Tissue culture 


passage number Age of pigs Route of inoculation aS 

Diarrhea |Temp. rise| Pre-inoc.| {Post-inoc. 
5 7-9 days Oral fe + 0 8 
7 + + 0 4 
10 + i 0 8 
15 + — 0 8 
7 16 weeks Oral - + 0 16 
15 Oral = - 0 8 
15 I.M.* = + 0 16 
26 ILM. - — 0 16 
27 IM. - + 0 8 
28 LM. = — 0 16 


* I.M.—intramuscularly. 
¢ Serum collected two weeks after inoculation. 


tional fluid change. Filtered virus prepared as mentioned above was inocu- 
lated in 0.2 ml. amounts into each tissue culture. After inoculation of virus, 
tubes were returned to the roller drum for further incubation. Fluid in the 
inoculated cultures was changed every 4 to 8 days. Serial transfers to fresh 
tissues were made at intervals ranging from 7 to 14 days by an inoculation of 
0.2 ml. amounts of pooled centrifuged supernatant fluids. 

Results. By the method described above, virus has been carried for 28 
serial transfers with 31 fluid changes over a period of 8 months. No definite 
cytopathogenic effects on cells were observed in the type of tissue culture 
system employed. To demonstrate the presence of virus in the system, fea- 
tures of illness produced in young pigs after oral inoculation of tissue culture 
fluid were used as one criterion. As shown in TABLE 1, each of 4 pigs, 9 days 
of age, was inoculated orally with 1 ml. of undiluted culture fluid from the 3rd, 
Sth, 7th, and 15th passage. All developed diarrhea, with a slight rise of tem- 
perature in 2 pigs. Another pig given virus from the 5th passage when it was 
10 days of age became ill. In another test, 2 pigs, 7 days of age, each were fed 
1 ml. of fluid from the 10th culture passage. One pig developed diarrhea 
which lasted 1 day, and the other showed a slight rise of temperature as the 
only sign of illness. A pig that received virus in the 9th passage showed no 
signs of illness. None of the pigs inoculated with tissue culture material died 
of infection. 

In further tests, pigs that were approximately 16 weeks of age were used. 
In a group of 3 pigs, each was fed 5 ml. of undiluted fluid from the 7th passage. 
All developed a rise of temperature 2 to 3 days after incubation, but none 
showed diarrhea. Virus from the 15th passage, when inoculated orally into 
2 pigs, did not produce any signs of illness. Virus was obtained from the 
1Sth, 26th, 27th, and 28th passage and 1 ml. of material from each passage 
was inoculated intramuscularly into each pig. A slight rise of temperature in 
2 animals was the only sign of illness observed. These animals again were 
inoculated 2 weeks after inoculation of tissue culture fluid with TGE virus 
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maintained in pigs. All were found immune. These results, although not 
conclusive, suggested that TGE virus multiplied in the tissue culture system 
employed. Attempts then followed to develop conclusive evidence by serolog- 
ical methods. 


Conglutinating Complement Absorption Test (CCAT) 


In view of the fact that swine sera are “lytic” or ‘“procomplementary” 
when complement-fixing system with guinea pig complement is used, conglu- 
tinating complement absorbing (CCA) system was adopted in which no lysis 
of cells is involved. 

Methods. Antigens were prepared from virus cultivated in roller tubes. 
After a satisfactory outgrowth of epithelial cells had occurred, the initial 
medium was removed and the tubes were washed with 1 ml. of synthetic me- 
dium No. 703 to eliminate interfering substances such as horse serum and, to 
each tube, 1 ml. of fresh 703 was added. The cultures then were inoculated 
with 0.2 ml. of infective fluid from the 2nd or 3rd tissue culture passage. 
After 6 days of exposure to the virus, the fluid phase was removed, pooled, 
and centrigued at 2,000 rpm for 10 minutes to remove coarse particles. The 
resulting supernatant was used as antigen without further treatment. Anti- 
gen prepared from the 5th passage virus was found less satisfactory and not 
used in the test. Control antigen was prepared in a similar manner from non- 
infected fluid. 

Sera were obtained from all pigs before inoculation, either with virus main- 
tained in pigs or with tissue culture virus and, again, two weeks after inocula- 
tion. 

Technique of the CCAT used for TGE was similar to that described for the 
study of swine leptospirosis.® Twofold dilutions of sera to be tested were 
mixed with 2 units of lyophilized and freshly reconstituted horse serum 
complement and undiluted antigen, each contained in 0.1 ml. volumes. The 
mixture was incubated for one hour in a 25°C. water bath. After incubation 
an indicator system consisting of 0.5 per cent sheep cell suspension sensitized 
with 4 units of conglutinin in each 0.1 ml. was added. The final mixture was 
incubated for 2 hours at 25°C. The results were read after shaking each 
tube lightly in order to detect the presence or absence of clumping of cells. 

Results. As shown in TABLE 2, 9 pigs inoculated orally with original 
virus developed antibody titers that ranged from 1g to 44 when tested against 


TABLE 2 


ANTIBODY RESPONSE IN PIGS AFTER INOCULATION WITH 
TGE Virus as Measurep BY CCAT 


No. of sera showing titers of 


Immune status ate 
<1:4] 1:4 | 1:8 | 1:16 | 1:32 | 1:64 
TGE infected Preinoculation 9 9 0 0 0 0 0 
Postinoculation 9 2) 2 3) WU 
Controls 7 7 0 0 0 0 0 
7 7 0 0 0 0 0 
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tissue culture virus. These sera also were tested against control antigen and 
found to be negative. None of the 7 control pigs showed any titer during 
the period of observation. Thus it was shown that virus cultivated in tissue 
culture could be used as antigen for CCAT. The reliability of the test is 
suggested by the rise of titers in association with recovery from transmissible 
gastroenteritis. 

The mild nature of infection produced by tissue culture virus and the fact 
that age resistance developed in test pigs made clinical recognition of infection 
in individual pigs extremely difficult. The CCAT was concomitantly applied, 
therefore, to determine whether immunity had been established in the animals 
following inoculation with tissue culture virus. Representative cases are 
summarized and included in TaBLE 1, where it can be seen that preinoculation 
sera were uniformly negative, but that post inoculation sera showed anti- 
body titers ranging from 14 to 4g. It is significant that all pigs inoculated 
intramuscularly developed titers ranging from 1¢ to 4g. 


Discussion 


It has been demonstrated that a strain of transmissible gastroenteritis virus 
was propagated for 28 serial transfers in a tissue culture of pig-kidney epi- 
thelium. In this medium, multiplication of virus was not associated with 
destruction of cells and yet was sufficient to produce antigen in the superna- 
tant fluid that could be used with conglutinating complement absorption 
methods. This method was applied to detect antibody response in pigs inocu- 
lated with transmissible gastroenteritis virus maintained in pigs, as well as 
response to the inoculation with tissue culture virus. When tissue culture 
virus was inoculated orally into younger pigs it produced only mild signs of 
illness in some pigs, but most pigs developed detectable antibodies, thus con- 
firming that virus multiplication had taken place in tissue culture. 

There was some evidence of attenuation of virus as a result of tissue culture. 
None of the pigs died that had been inoculated with tissue culture material 
when they were 7 to 10 days of age. It is noteworthy that pigs in this age 
group were highly susceptible to the inoculation of virus maintained in pigs 
and showed a mortality rate ranging from 60 to 70 per cent.’ No significant 
signs of disease were noted in older pigs when inoculated orally or intramuscu- 
larly with the tissue culture virus. Thus differences were apparent between 
the original virus and the virus after it had been propagated in tissue culture. 

The report described herein dealt with only 1 strain of transmissible 
gastroenteritis, and the work on it thus far leaves much to be done. Still to 
be learned are the optimal conditions for virus multiplication, the relative 
sensitivity of various tissues other than kidney epithelium, and differences 
between this and other strains of transmissible gastroenteritis. 


Summary 


A strain of transmissible gastroenteritis virus isolated in New York State 
has been maintained for 28 serial transfers in pig-kidney epithelial cells for a 
period of 8 months. Tissue culture supernatant fluid was used as a source 
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of antigen for conglutinating complement absorption techniques. With this 
antigen, the presence of antibodies was detected following infection produced 
either by original virus or by tissue culture virus. 
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EPIDEMIC DIARRHEAL DISEASE OF SUCKLING MICE 


By F. S. Cheever 
Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pa. 


In recent years epidemic diarrheal disease of suckling mice has presented a 
major problem to many breeders of these animals. Frequently, the losses 
from this condition have been so high as to cripple production for significant 
periods of time. Furthermore, those workers employing suckling mice in the 
course of their investigations have experienced difficulty in carrying out their 
experiments in the face of an outbreak of diarrheal disease. The condition 
then is of obvious practical importance to both the breeder and the laboratory 
worker. In addition, however, the complex etiology involved presents a 
fascinating challenge to the epidemiologically-minded investigator seeking to 
develop effective methods of control. 


Disease Picture 


Epidemic diarrheal disease of suckling mice is a condition affecting these 
animals during the second and third weeks of life. It is characterized by the 
sudden onset of diarrhea, which varies from the passage of large amounts of 
yellowish watery material completely soiling the infected mouse to a mild 
condition recognizable only by the finding of fecal material adhering to the 
under surface of the tail. Typically, the disease appears between the 10th 
and 15th day of life without prodromal signs. Occasionally litters are found 
in which the young animals present a shrunken and dehydrated appearance 
as early as the third or fourth day of life. A number of mice die within 2 
days of onset; those that survive longer develop darker stools which, as they 
dry about the anal opening, result in obstipation. Once obstipation has fully 
developed it is usually fatal unless relieved by artificial means. Perianal 
necrosis and sloughing are occasionally seen among mice spontaneously re- 
covering from the condition. In mild cases uncomplicated by obstipation, 
complete recovery within a matter of a week is the general rule. More severe 
cases, however, that do recover spontaneously may show retardation of growth 
to the point that stunted litters unsatisfactory for experimental purposes are 
produced. Thus the outcome for the individual litter may vary from 100 
per cent mortality to 100 per cent recovery, with no recognizable sequelae. 
The adult female shows no recognizable signs of disease at any time. 

The disease rarely has its onset before the 7th or 8th day of life. The peak 
incidence falls between the 10th and 15th day, after which there is a sharp 
drop. It is most unusual to note the onset of the condition after the mice 
have reached the 17th or 18th day of life (TABLE 1).1 

Pathology. Pathological changes appear to be limited to the ileum and the 
colon. In one epizootic described by Syverton and Olitsky? these organs were 
the sites of a marked inflammatory infiltration with polymorphonuclear cells. 
Frequently ulcerations were found and, occasionally, even sloughing of the 
mucosa. Quite a different picture was reported by Pappenheimer and his 
associates’: * in their study of several severe outbreaks occurring in Boston. 
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TABLE 1 
AGE oF VARIOUS LITTERS AT ONSET OF DISEASE 


Age in days No. of litters Per cent 

8 0 0 

9 6 6 

10 5 2 

11 10 11 

12 14 15 

13 19 20 

14 18 19 

15 13 14 

16 2 2 

17 3 o 

18 4 4 

19 0 0 

20 1 1 

21 0 0 
Total APR AEE Re cht Pe. 95 100 


Data from Cheever and Mueller.! 


These authors noted no significant inflammatory changes in either the ileum 
or colon and, in fact, described no more than a slightly increased cellularity of 
the stroma of some of the villi. Contrary to the experience of Syverton and 
Olitsky,? however, Pappenheimer and his group*:‘ described the finding of 
two types of inclusion bodies that occurred with some regularity in the super- 
ficial epithelial cells of the villi. In the first outbreak studied,’ intranuclear 
inclusions were observed in 75 per cent of suckling mice suffering from diar- 
rheal disease. They were found only in the epithelial cells of the small in- 
testine and in the mesenteric lymph-adenoid tissue. Both in appearance and 
in location these intranuclear inclusion bodies resembled those described by 
Hammon and Enders,® by Lawrence, Syverton, Shaw, and Smith,® and by 
Lucas and Riser’ in infectious panleucopenia of cats. They were not found 
before the 10th day of life nor after the 15th day. Apparently healthy, con- 
trol mice of the same age group presented a positive incidence of 5.5 per cent. 
Since these animals were derived from the same stock and animal colony as the 
diseased mice, it was impossible to rule out an inapparent infection in the 
former. Subsequent studies* of later outbreaks resulted in the finding of 
cytoplasmic inclusion bodies in the epithelial cells of the small intestine in a 
major proportion of mice suffering from either the spontaneous or experi- 
mentally produced diarrheal disease. These inclusion bodies were found 
only during the first few days of clinical illness. They were not found in 
healthy stock mice of a corresponding age, nor were they produced when suscep- 
tible animals were fed intestinal extracts prepared from healthy mice. During 
the course of the disease the inclusion-bearing cells desquamated in the absence 
of any significant inflammatory reaction. The two types of inclusion bodies— 
intranuclear and cytoplasmic—were not found in the same animal. In fact, 
the intranuclear type of inclusion body was found only in the first outbreak 
studied; later outbreaks were associated with the finding of cytoplasmic in- 
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clusion bodies that had not been observed in the first outbreak. In connec- 
tion with these findings it should be pointed out that different strains of mice 
were involved in these later studies. 

Etiology. As yet there is no agreement among investigators as to the specific 
etiology of the disease. In the course of their studies on an outbreak occurring 
in the breeding colony of the Rockefeller Institute, New York, N. Y., Syver- 
ton and Olitsky” concluded that a member of the Salmonella group was the 
etiological agent. Salmonella organisms have not been isolated, however, 
with any degree of regularity from other epizootics. Stool examinations for 
ova and parasites have failed to yield evidence incriminating any recognized 
pathogenic agent. The finding of two types of inclusion bodies by Pappen- 
heimer et al.*: 4 has suggested that a virus or viruses may be concerned in the 
etiology of this condition. Additional support to this point of view is lent by 
the fact that the disease has been transmitted by feeding filtrates of ground-up 
intestines from the sick mice to susceptible suckling mice presumably free of 
the disease. The number of these experiments, however, has been relatively 
small, and the widespread assignment of a viral etiology to this condition is 
based only on presumptive evidence. 

If, as appears likely, the disease is in fact a communicable one, it is quite 
possible that several unrelated agents may cause the same clinical picture. 
The markedly different pathological findings reported by various investigators 
suggest that this may be the case. Furthermore, recent work published on 
the role of coliform bacilli in the pathogenesis of diarrheal disease of human 
infants suggests a new avenue of approach. The application of tissue culture 
techniques to the isolation of enteric viral agents should receive a thorough 
trial. 

Incidence. The disease appears to be widespread among breeding colonies 
in the United States. The usual story is one of a relatively smoldering infec- 
tion nearly always present in the colony, although it may not often reach 
epidemic proportions. Occasionally, however, such a marked increase in 
incidence may develop that, for all practical purposes, the production of mice 
for commercial use will be brought to a halt. Some breeders have reported 
mortality rates as high as 80 per cent. Information from other areas is frag- 
mentary. One investigator,’ however, has reported that a similar disease 
occurs in sporadic form in Western Europe, but so far has not reached Eo 
high incidence levels observed in this country. 

Epidemiology. The disease gives every evidence of being ponte 
The appearance of diarrhea in one or two litters of suckling mice in a colony 
is usually followed by a more or less steady spread of the condition throughout 
the colonies in an entire institution. Although a slow build-up of cases is the 
general rule, epidemics of major proportions have developed upon occasion 
within a few days. Attempts to prevent the spread of the disease from one 
part of a colony to another by means of various sanitary measures have nearly 
always met with failure. Once the disease has appeared it has been the com- 
mon experience to have the entire colony infected within a matter of weeks or 
months. Little is known about the methods of transmission of the disease. 
The placing of uninfected suckling mice derived from clean stock in contact 
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TABLE 2 
RESULTS OF TRANSMISSION EXPERIMENTS UsING PRESUMABLY INFECTED GUT 
. Age of mice in 
c No. of litters Set : 
. No. of litters A positive experi- . . 
Material eal edt ments at time of Incubation period 
inoculation 
days days 
Pil Cratem meee ter ewe ise yc: 7 1 8 4 
@rude’suspensitonee, ....4-. +n 13 2 OS 3h 7 
Controls meray criss ibo-s ales 12 0 


Data from Cheever and Mueller.! 


with a litter of diseased mice usually results in the appearance of the disease 
in the newly added animals, provided that they have been exposed during the 
first week of life! Similarly, the addition of infected mice to newborn litters 
derived from stock presumably free of the disease has resulted in the develop- 
ment of the disease in the younger mice. As mentioned before, it has been 
possible to transmit the disease to newborn mice by the feeding of suspensions 
derived from the intestines of mice showing the typical disease picture. The 
disease may be reproduced by the feeding of crude unfiltered material. In 
several instances it has been shown that material rendered free of bacteria by 
filtration has retained its ability to produce the disease (TABLE 2).! 

The erratic incidence of the disease suggests that its epidemiology may be 
relatively complex. That inapparent infections may play an important role 
in the spread of the disease is a possibility that remains to be investigated. 
Other hypotheses that have been advanced include the concepts of (1) a dual 
infection (viral and bacterial agents acting synergistically), and (2) unmasking 
of latent infections by nonspecific environmental factors. Some of the evi- 
dence favoring the latter point of view will be discussed in the following 
section. 


Factors Affecting the Incidence of the Disease 


A number of factors, environmental or otherwise, appear to affect the in- 
cidence of this disease. The more important of these may be summarized as 
follows: 

Season of the year. It has been the common experience of most breeders 
that the disease becomes prevalent in recognizable form during the winter 
months of the year while, quite characteristically, the incidence falls remark- 
ably with the coming of spring. In summer one usually finds relatively little 
recognizable disease present in the colony (TABLE 3).? Some breeders of mice 
take advantage of this marked seasonal incidence by utilizing the warmer 
months of the year—April through October—for breeding new stock to serve 
as the nucleus of the colony for the coming year. With the onset of colder 
weather and the already-described upswing in the incidence of disease, breed- 
ing activities are cut down to a minimum. The explanation for this seasonal 
variation is not clear. Most animal colonies are maintained under conditions 
of relatively stable temperatures throughout the year. Relatively crude ex- 
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TABLE 3 
Per Cent oF MicE WEANED, BY MONTH 


Period Born Weaned Per cent 

Aug.—Sept., 1946............. 144 125 87.7 + 2.74 
Oct.-Nov., 1946..... " 654 240 37.1 + 1.89 
Dec.—Jan., 1946-47..... Er 997 606 60.8 + 1.55 
Feb.-Mar., 1947........ ae 868 469 54.0 + 1.69 
Apr.—May, 1947....... Ne 604 454 75.1 + 1.76 
June-July, 1947............. 252 222 88.1 + 2.04 
Aug awent..1047).0 8 ences 58 47 81.0 + 5.15 

TD OCA: oe ere Co ac cern Sse Ser if 2,163 60.5 + 0.82 


Data from Cheever and Mueller.® 


perimental attempts to affect the incidence of the disease by varying the amount 
of light received have met with failure. 

Humidity. At least one worker® has reported that the maintenance of 
humidity at the 50 per cent level or above results in a significant reduction in 
the amount of disease, and field trials of this possible method of control now 
under way have given promising preliminary results. It has been suggested, 
however, that the beneficial effects of increased humidity are limited almost 
entirely to the prevention of obstipation rather than to an actual diminution 
of infection.’° Control studies will be necessary to answer this point. 

Strain susceptibility, There is some evidence that various strains of mice 
vary in their susceptibility to the disease. In one experiment? four strains of 
mice—Harvard, Tumblebrook (Schwentker), CFW, and C—were kept and 
bred under identical conditions over the course of the year. Diarrheal disease 
occurred among the young of all four strains, but was definitely more marked 
among the CFW mice, as evidenced by the fact that a consistently lower per- 
centage of these mice was weaned in comparison to the others (TABLE 4).® 
Attempts to include a fifth strain—C3H—in the experiment failed because of 
the extreme susceptibility of the young mice to fatal diarrheal disease. In- 
terestingly enough, an apparently disease-free colony of this strain was es- 
tablished by the delivery of young by Caesarian section at term and the sub- 
sequent nursing of these animals by presumably disease-free females belonging 
to another strain under conditions of rigid isolation. This colony was main- 


TABLE 4 
PER Cent oF MicE WEANED, BY STRAIN 


Strain Born Weaned Per cent 
Tumblebrook (Schwentker)......... 924 546 59.1 + 1.62 
Harvard: \. .2.)3.385 #0 Gee 821 589 71.7 + 1.57 
Cicaistovsrs chatotrntaia artis ee 845 527 62.4 + 1.67 
CE W icvisnc ga cnet ee 987 501 50.8 + 1.59 
plotal: 2. <select ee Sy ith 2,163 60.5 + 0.82 


Data from Cheever and Mueller,® 
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TABLE 5 
PER CENT OF MIcE WEANED, BY LITTER 
Litters Born Weaned Per cent 
TSE eye ais cots Mraitiane exacoyeferene 603 AHA 36.7 + 1.97 
ANCL ANGI OLG neha erie aos 1,599 956 59.8 + 1.22 
Shand others osere ssa igoso 986 71.7 + 1.41 
RO tale e penta ce cue Pyro, sxe 3,577 2,163 60.5 + 0.82 


— 


Data from Cheever and Mueller.? 


tained free of disease for over a year, at which time the experiment was ter- 
minated. Other investigators have noted the high susceptibility of mice of 
strains A and C3H and have reported that mice of another strain—C57BL— 
were relatively resistant to the disease.’ Recognizing the possibility that 
genetic factors may be playing a role in the genesis of this condition, these 
investigators are carrying out breeding experiments in an attempt to estab- 
lish a relatively resistant line. 

Parity of mother. Several investigators have reported on the effect of parity 
of mother upon the incidence of the disease. In the case of the 4 strains 
mentioned above, this effect was definite and consistent throughout the year 
of observation in that in all 4 strains first litters showed a significantly 
greater susceptibility to disease than did second and third ones, while fourth 
and fifth litters escaped even more lightly (TABLE 5).9 Similar results have 
been reported by Runner and Palm” in working with a colony of C3H mice. 
These investigators point out the possibility that the age of the female at the 
time of parturition might be the governing factor. In our experience, however, 
the age of the female (as distinct from parity) has played no consistently sig- 
nificant role. A second possibility is that the females who have reared or lost 
at least 1 litter of infected mice have developed a sufficiently solid degree of 
immunity through inapparent infection to transmit an effective resistance to 
subsequent litters. Such a resistance might be transmitted through the pla- 
centa or the colostrum. Experiments designed to investigate these points 
yielded evidence supporting the hypothesis that immunity transmitted by the 
mother is a factor governing the outcome of infection in the litter. These 
experiments were carried out by the transfer of one half of a newborn first litter 
to a foster mother who had just borne a second or third litter. Half of the 
latter litter was transferred in similar fashion to the primiparous female. The 
adopted mice were accepted well by the foster mothers, and both groups of 
litters were observed under similar conditions. ‘The results obtained suggested 
that there was a significant transmission of immunity in utero on the part of 
the multiparous females. Evidence that additional antibodies might be trans- 
mitted by the milk or colostrum of these females was less convincing (TABLE 
6).! A third possibility, that hormonal influences may be playing a significant 
role, remains to be investigated. 

Size of litter. Evidence has been brought forward to suggest that large 
litters are more prone to the disease than smaller ones.” In our mouse colony 
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TABLE 6 


Mortatity RATES AMONG MicrE Nursep By PRrimimparous MOTHERS AND 
MULtTIPAROUS MOTHERS, RESPECTIVELY 


Nursed by Nursed by 
primiparous multiparous Total 
mothers mothers 
Mice 
- No. | P. No. | P 

Total rater er, Total ay ike coat Total oe cone 
iret Litter corres scts:.cotolats austetedtctee Mote eet 47 | 35 | 75 | 57 | 34] 60 | 104} 69 | 66 
Second and third litters............-... ST 1023 140 60 91s 7 eae 
‘Total sian sido ak ee 104 | 58 | 56 | 117 | 43 | 37 | 221 | 101 | 46 


Data from Cheever and Mueller.t 


significant differences in the incidence of the disease according to the size of 
individual litters have not been observed with any degree of consistency. 
Further experiments on a larger scale are indicated in order to answer this 
question. 

Other factors. A host of other possible factors affecting the incidence of the 
disease has been suggested by a number of workers. These cover such diverse 
things as diet, type of bedding, and method of cleaning cages. Consistent 
results, however, have not been obtained whenever any one of these factors 
has been tested for its effect on the occurrence of diarrhea, and hence it seems 
unlikely that such factors are playing a primary role. The possibility that 
the method of handling breeding animals may affect the mortality rate is 
under investigation at the present time.” 

Treatment. As yet there is no convincing evidence that any of the numerous 
therapeutic measures suggested has exerted a significant effect upon the course 
of the diarrheal disease. 

Control. Efforts made to control the disease in various mouse colonies have 
on the whole been disappointing. It has been the experience of most workers 
in the field that, although many factors appear to affect the incidence of diar- 
rhea, no one factor has been found that operated consistently. For a period 
of time, certain environmental factors may appear to be important in deter- 
mining the incidence of the disease. Subsequently, however, these same 
factors may appear to play no role whatsoever. Diarrhea of suckling mice is 
an excellent example of the well-recognized fact that it is usually impossible 
to institute effective control measures against a given disease in the absence 
of knowledge of its etiology. Under these circumstances it is obvious that 
strenuous efforts should be made to eludicate the etiology and pathogenesis of 
this condition. It is encouraging, therefore, to be able to report that the newly 
established laboratory for the study of small animals at the New York Uni- 
versity-Bellevue Medical Center, New York, N. Y., has commenced a large 
scale and exhaustive study of the problem. It is the hope of all concerned that 
the skilled investigators directing this well-designed and supported study will 
soon turn up with the answers to our problems. The virus studies initiated 
under the direction of L. M. Kraft" are already yielding encouraging results. 
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Summary 


Diarrheal disease of suckling mice represents a major problem affecting the 
well-being of mouse colonies in this country today. It is uncertain as to 
whether it represents a single disease entity or, perhaps more likely, a series of 
separate or overlapping syndromes. The etiology of the condition remains 
undetermined. The condition is almost surely infectious, and both pathologi- 
cal observations and transmission experiments suggest that a virus or viruses 
may be playing a significant role in the pathogenesis of the disease. The pos- 
sibility remains that secondary bacterial invaders may have a significant effect 
upon the outcome of the infection. Other factors exerting a recognizable ef- 
fect upon the incidence of the disease are: (1) strain of mouse, (2) parity of 
female, and (3) season of the year. Other possible but less-established factors 
are degree of humidity and size of litter. In the absence of definitive knowl- 
edge concerning the etiology and pathogenesis of this condition, attempts to 
control the disease are empirical and so far have been relatively unsuccessful. 
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DIARRHEA IN PUPPIES CAUSED BY DISTEMPER VIRUS 


By James H. Gillespie, James A. Baker, and George Poppensiek* 


Veterinary Virus Research Institute, New York State Veterinary College 
at Cornell University, Ithaca, N. Y. 


Diarrhea is a frequent occurrence in puppies. At times it is related to an 
abrupt change in diet. Sometimes it is associated with parasites, certain bac- 
teria, or other microbial forms. Often there is no definitive etiological basis. 
Distemper is the only viral infection studied thus far in puppies in which diar- 
rhea occurs. 

Dogs affected with the virus of canine infectious hepatitis may have bloody 
stools, but this apparently is the result of multiple hemorrhages caused by 
viral action on endothelial cells. Enteritis does not occur in infectious canine 
hepatitis, and the deviation from normal in the character of the feces is caused 
by systemic infection. 

In distemper, however, there is an enteritis present. Distemper virus has 
been demonstrated in feces, and the presence of cytoplasmic inclusion bodies in 
epithelial cells lining the stomach and intestinal tract lends support to the idea 
that distemper virus by itself produces enteric pathology and diarrhea, al- 
though other signs of illness occur, indicating systemic, and occasionally neuro- 
logical manifestations. Whether caused by action of the specific virus alone 
or as a complication, diarrhea is seen so frequently that it must be considered 
a part of the clinical syndrome of distemper. 

In their initial studies, Dunkin and Laidlaw! thought it possible that bac- 
teria were complicating distemper virus infection and causing the diarrhea. In 
the absence of specific studies, however, their suggestion must, of course, re- 
main only a possibility. 

In their studies on distemper Dunkin and Laidlaw reported that the majority 
of 70 dogs showed diarrhea throughout the course of illness and that in the sec- 
ond period of the diphasic febrile reaction the diarrhea frequently was profuse, 
with slimy feces containing small streaks of blood and having an offensive odor. 
Diarrhea continued after fever had subsided, and the animals appeared to be 
recovering. The mortality rate in their dogs was 10 per cent, and the majority 
of these showed nervous manifestations before death. The ages of the dogs 
used by Dunkin and Laidlaw were not reported. 

In our early studies on distemper, 142 dogs were inoculated with virulent 
virus derived from three different sources. Of these 122 dogs were given ma- 
terial designated ‘‘Snyder Hill strain,” while the remaining 20 dogs were given 
one of the other strains of virus used. Cross immunity studies showed all 
strains to be antigenically similar. Until our disease-free colony of dogs could 
be established, the dogs used in our earlier studies on distemper were obtained 
from large litters raised on farms in the vicinity of Ithaca, N. Y. These dogs 
varied in age from 12 to 20 weeks. Most of the dogs showed diarrhea as did 
those observed by Dunkin and Laidlaw. 


* Now associated with Plum Island Animal Disease Laboratory, Animal Disease & Parasite Research Branch, 
Agricultural Research Service, United States Department of Agriculture, Plum Island, N. Y. 
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Certain variations in response were noted among the individual dogs in- 
fected by the same route and with the same amount of virus. In an effort to 
define the specific factors responsible for this variation, later studies were 
planned in which not only the amounts of virus were controlled, but the entire 
life history of each puppy was known. ‘These later studies are still in progress 
and, although incomplete as yet, the findings seem to have a bearing on the 
aims of this monograph, that is, a better understanding of diarrhea in infants. 


Pathogenic Effects of the Snyder Hill Strain of Distemper Virus 
in Farm-Reared Dogs 


Since the Snyder Hill strain of distemper virus? was used to inoculate puppies 
of defined origin, it seemed worthwhile to record what effects had been ob- 
served in other types of dogs in order to have a basis for understanding certain 
signs of infection. The dogs used were obtained from farms. Their ages 
varied from 12 to 20 weeks, and the status of immunity to distemper of their 
mothers was unknown. Inoculations of virus were made either intracerebrally, 
intravenously, subcutaneously, intranasally, or by exposing the dogs to contact 
with others that had been infected. In all dogs, inoculum consisted of a 10 
per cent suspension of brain or of spleen given intracerebrally in 0.3 ml. 
amounts to each dog and, for other routes, in 1 ml. amounts to each dog. 

As shown in TABLE 1, of 60 dogs inoculated intracerebrally, 51 showed epi- 
leptiform convulsions, 1 developed myoclonus, 5 died without observed neuro- 
logical signs, and 3 showed generalized signs of illness only. Of 32 dogs inocu- 
lated intravenously, 8 showed epileptiform convulsions, while 6 developed 
myoclonus and recovered. Of 11 dogs exposed by contact, 4 showed epilepti- 
form convulsions and 2 myoclonus. Of 4 inoculated intranasally, none showed 
neurological signs. 

Clinical features. Dogs given virus intravenously usually developed an 
elevated temperature 2 days after inoculation, although in some the onset 
was delayed as long as 8 days. Similar incubation periods were found for 
dogs inoculated intracerebrally, although an occasional dog failed to show a 
temperature elevation until the onset of nervous manifestations. Elevated 
temperatures in dogs inoculated subcutaneously developed in about 5 days, 
and after 6 days in those inoculated intranasally or exposed by contact. Usu- 


TABLE 1 


NEUROLOGICAL MANIFESTATIONS SHOWN BY Docs INOCULATED WITH THE 
SNYDER Hitt SERUM OF DISTEMPER VIRUS 


F F Death without 
Route of inoculation Epileptiform Myoclonus _ |observed neuro- Total 


convulsions logical signs 
intracerebral geste. eve sieves stat 51/60 1/60 5/60 57/60 
ME PAMENOUS (8s i clainua\o.0.< su: 8/32 6/32 0/32 14/32 
Subcutaneous.,...,.-....: 3/12 2/12 0/12 5/12 
Hiceaniasaleanadae,: ot. Mi oi 0/4 0/4 0/4 0/4 
iOnsaCbrevt Miet-onlntiy dies 4/11 0/11 0/11 4/11 


Dogs were observed for a period of time longer than 45 days. Numerator indicates number of dogs affected. 
Denominator indicates number of dogs inoculated. 
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ally the temperatures followed a diphasic pattern, although some remained 
high throughout the course of illnes. Leukopenia was found in most dogs, 
and the leukocyte count remained low throughout the acute phase of illness. 
The usual catarrhal signs such as congestion of the conjunctival membrane and 
a serous discharge from the eyes and the nose developed shortly after the onset 
of fever. Later, diarrhea developed in most of the dogs. A few animals 
showed signs of pneumonia. Except for an occasional dog that showed myo- 
clonus and recovered, all animals that developed marked neurological compli- 
cations died. All others recovered except a few that developed pneumonia. 

Most of the dogs with nervous manifestations had a syndrome characterized 
by several or all of the following: depression, myalgia, myoclonus, incoordina- 
tion, circling, epileptiform convulsions, coma, and death. The epileptiform 
convulsions usually occurred 1 to 2 days before death. 

Pathology. Brains from 31 dogs that showed neurological manifestations 
furnished material for this study. For comparative purposes, there were in- 
cluded brains from 2 uninoculated dogs and from 3 inoculated intracerebrally 
with virus inactivated by heating a 20 per cent suspension of brain from an 
infected dog at 60° C. for 3 hours. After autopsy, brains were removed and 
22 of them were placed in a large volume of 10 per cent aqueous formalin solu- 
tion for about 1 week at room temperature. After fixation, thin slices of tissue 
were cut from various parts of the brains. In the preparation of brains from 
3 dogs that had had convulsions and from the 2 uninoculated dogs, thin slices 
were cut, placed in Susa fixative and in 10 per cent formalin, and kept in the 
refrigerator for 24 hours. The brains from the other dogs that had shown nery- 
ous manifestations and from the 3 that had been given inactivated virus were 
placed in a large volume of 10 per cent aqueous formalin immediately after 
euthanasia and refrigerated for 1 week; then thin slices were cut. After fixa- 
tion, slides were prepared, stained with hematoxylin and eosin and, in some 
cases, with azure eosinate and Mallory’s phosphotungstic acid hematoxylin. 
Also frozen sections of formalin-fixed cerebellum from some infected dogs and 
from 5 control dogs, were chromated for 3 days and stained by Lillie’s technique 
for myelin and degenerated myelin. 

The cerebellums of all the 31 dogs that developed nervous manifestations 
showed perivascular cuffing, nonsuppurative leptomeningitis with variable 
accumulations of mononuclear cells, neuronal degeneration, and vacuoles in 
the white matter. Many Purkinje cells showed degenerative changes. Nu- 
merous cells showed pyknosis, while other cells appeared swollen and their 
Nissl granules were small and indistinct. Some Purkinje cells had a zone free 
of Nissl granules around the nucleus, and the nuclei of some cells had migrated 
to the edge of the cell. Other Purkinje cells had faded so that they were almost 
unrecognizable and apparently were undergoing cytolysis. Neuronophagia 
was not recognized. Vacuoles were seen in the white matter of the cerebellum 
of inoculated dogs. Some similar small vacuoles, however, were found in the 
control dogs. The vacuoles did not have a perivascular distribution. De- 
generated myelin was not demonstrated in frozen sections of cerebellum from 
dogs that were sacrificed 7 to 16 days after inoculation. Gliosis was seen in 
the cerebellums of a few dogs and, in general, was most marked in dogs that 
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developed nervous manifestations 22 or more days after inoculation or contact 
with infected dogs. Uninoculated dogs and dogs inoculated with heat-inacti- 
vated Snyder Hill virus showed none of these changes. 

Numerous gitter cells and intranuclear inclusion bodies in glial cells were found 
in the cerebellums of the 2 dogs that developed neurological disturbance after 
the longer intervals, 22 and 29 days. ‘Tissues suitable for frozen sections and 
myelin stains were not available from these dogs, but the gitter cells indicated 
a demyelinating process. Inclusion bodies were not found in the cerebellums 
of the dogs that developed encephalitis in the shorter intervals after inoculation, 
although it is possible that exhaustive search might have shown some present. 


Pathological Effects of Distemper Virus on Puppies of Known Age 
from Immunized and from Distemper-Free Mothers 


Method. Over 2 years ago a colony of beagles was started at our institute. 
The parent stock was derived by Caesarian section, deprived of colostrum, and 
reared on Esbilac* until they were old enough to eat commercially prepared 
dog foods. Repeated tests in these dogs failed to reveal any serum-neutralizing 
antibodies for distemper virus and, therefore, the dogs were considered disease- 
free. 

Having thus obtained a suitable breeding colony, work was begun to deter- 
mine the effects of a given amount of the Snyder Hill strain of distemper virus 
when inoculated intravenously into puppies of different ages. In the study, a 
litter of puppies was weaned at six weeks of age, divided into two groups, and 
each group was placed in a separate isolation unit. Accumulated totals on 8 
litters thus far showed that 18 puppies were inoculated when 6 to 10 weeks of 
age, while a total of 10 were inoculated at 12 to 16 weeks of age. The study 
was repeated in immunized dogs, mostly with beagles of our own breeding, 
immunized by exposure to dogs infected with distemper, although a few puppies 
were from farm dogs inoculated at 5 to 10 weeks of age and 22 at 12 to 16 weeks 
of age. In these groups, 6 puppies in the 12- to 16-week-old group were litter 
mates to the 14 dogs in the 5- to 10-week-old group. 

Each puppy was inoculated intravenously with 1 ml. of a 10 per cent sus- 
pension of spleen from a dog that had been infected with the Snyder Hill strain 
of distemper virus. After inoculation, daily temperatures were taken and every 
animal was observed for signs of illness. Each dog was weighed weekly. Ani- 
mals that died were autopsied, and tissues were saved for histological examina- 
tion. All dogs surviving for a month were inoculated with the Snyder Hill 
strain again, either intracerebrally or intravenously, in a test for immunity. 
In addition, blood was collected and serum obtained from each dog before inocu- 
lation and again two or more weeks later unless the animal died in the early 
stages of infection. Each serum was tested for neutralizing capacity against 
the Onderstepoort strain? of egg-adapted virus in eggs. In this test‘ a virus 
suspension containing 100 to 500 infectious doses of virus was mixed with each 
twofold dilution of serum, placed in a refrigerator for 2 hours, and then inocu- 
lated into eggs that had been embryonated for 7 days. For every dilution of 
serum tested, a group of 5 eggs was inoculated with 0.2 ml. on the chorioal- 


* Manufactured by The Borden Co., New York, N. Y. 
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TABLE 2 


RESPONSE OF PUPPIES OF VARIOUS AGES AND FROM IMMUNE AND SUSCEPTIBLE 
Dams TO SNYDER Hitt STRAIN OF CANINE DISTEMPER ViRUS* 


—— = 


Some effects observed 
Number of : 
Status of dam : Age in weeks 
puppies 3 
eee Diarrhea ah 2 t Survival 

Non-immune 18 | 6-10 bef embed 0 3 
10 12-16 10 | 4 7 10 

Immune | 14 5-10 4 4) 12 12 
jae 12-16 21 | 11 17 17 


* Inoculated intravenously with 1 ml. of 10 per cent suspension of virus-laden spleen. 


lantoic membrane. After a further incubation of 6 days the eggs were exam- 
ined for lesions. Failure to find lesions indicated neutralization. 

Results. In TABLE 2 it can be seen that all dogs in both groups from dis- 
temper-free mothers developed elevated temperatures. All puppies in the 
younger age group showed diarrhea, and most of them had blood-tinged feces. 
In contrast, only 4 of the 10 in the older group showed diarrhea. All of the 
younger dogs lost weight, but this occurred in only 3 of the older age group. 
Of the 18 pups in the younger age group, 15 died 9 to 20 days after injection, 
while all the older puppies survived. On autopsy, the most constant pathologi- 
cal lesion was a hemorrhagic enteritis. Preinoculation sera of all dogs failed 
to neutralize virus in a dilution of 1:2.5. The 3 survivors in the younger age 
group and all the dogs in the older group developed serum-neutralizing anti- 
bodies. 

Of 14 dogs in the 5-to-10-week age group from immunized dams, 4 had ele- 
vated temperatures, and 2 developed diarrhea and died 11 days after inocula- 
tion. When autopsied, both of these latter 2 dogs showed hemorrhagic 
enteritis. All the other dogs survived and grew normally. The preinoculation 
sera of the 4 puppies that showed signs of illness failed to neutralize virus at a 
dilution of 1:2.5. The other 10 puppies had demonstrable serum antibodies 
at the time of inoculation. In the older group of 22 dogs, 21 developed a 
diphasic temperature reaction and, of these, 11 had diarrhea. Seventeen of the 
older dogs survived, and these gained in weight. Five dogs in the older group 
lost weight and died following epileptiform convulsions. The preinoculation 
serum of each dog failed to neutralize virus, whereas the convalescent sera of all 
survivors had demonstrable serum-neutralizing antibodies. On histological 
examination of various tissues, the most striking lesion was seen in the brain, 
and was a demyelinating encephalitis characteristic of distemper. 


Summary 


It would appear that diarrhea and death are important features of distemper 
infection in puppies, whose blood serum contained no neutralizing antibodies 
when they were 6 to 10 weeks of age and came from distemper-free mothers. 
A less severe infection occurred in their litter mates when, at 12 to 16 weeks of 
age, they were given the same virus and kept under similar conditions. The 
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majority of puppies less than 12 weeks of age and from mothers immune to 
distemper showed no signs of illness when given virus, but those over 12 weeks 
of age developed signs of illness of a degree of severity similar to puppies from 
the nonimmunized mothers. 
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MIYAGAWANELLA BOVIS INFECTION IN CALVES 


By Charles J. York and James A. Baker 


Virus Research Laboratory, Pitman-Moore Company, Indianapolis, Ind.; and Veterinary Virus 
Institute, Cornell University, Ithaca, N. Y 


Diarrhea in the newborn calf is a serious problem of the dairy industry and, 
in spite of much study by many workers, the etiological complexities of the 
condition have not yet been unravelled. 

The purpose of this paper is to discuss the disease-producing potential of an 
agent that is found naturally in the intestinal tract of calves and that belongs 
to the psittacosis-lymphogranuloma group of viruses. The agent was first 
described by York and Baker (1951) and provisionally designated by them 
Miyagawanella bovis. 


Studies on Miyagawanella bovis 


Isolation. In the course of studies with various rickettsial agents, it was 
found that when fecal material from apparently normal calves was inoculated 
into guinea pigs intraperitoneally, a febrile response was produced. Serial 
transfers of suspensions of infected guinea pig liver and spleen to other guinea 
pigs produced elevated temperatures. It appeared that an infectious agent 
had been isolated. Since tissues from these guinea pigs were bacteriologically 
sterile, a virus was suspected and subsequently identified as a new member of 
the psittacosis-lymphogranuloma group. Subsequent to the original recovery 
of the virus, strains have been isolated in a similar manner from the feces of 
calves in Indiana, California, and Montana. 

Characteristics of M. bovis. In addition to causing a febrile reaction in guinea 
pigs, but not death, initial studies showed M. bovis produced pneumonia in 
mice, although it was not until after 20 successive transfers that the virulence 
was sufficiently enhanced to cause death of inoculated mice. The inoculation 
of the virus into young cats, dogs, and swine caused no significant illness or 
pathological changes. When injected into the yolk sacs of embryonated hens’ 
eggs, however, it usually killed the embryos in 4 to 6 days. It also grew in 
the allantoic cavity and on the chorioallantoic membrane. Films prepared 
from the peritoneal exudate of infected guinea pigs and stained by Macchia- 
vello’s method occasionally showed small coccoid red-staining bodies in a few 
of the mononuclear cells that constituted the cellular portion of the exudate. 
Films from infected yolk sacs, when stained by the same method, revealed 
numerous small red-staining coccoid bodies that were located both intracellu- 
larly and extracellularly, singly or in clumps. Numerous bodies of similar 
appearance also were seen in impression films of lungs from infected mice. 
Individual bodies markedly resembled the elementary bodies of the psittacoid 
group of organisms, but only occasionally were they seen in plaques or vesicles 
described as part of the developmental cycle of this group. 

Further study showed elementary bodies with an average diameter of 350 
my were found in electron micrographs. ‘These particles had the morphology 
of members of the psittacosis-lymphogranuloma group of viruses as reported 
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TABLE 1 


COMPARISON OF SEVERAL STRAINS OF MiyAGAWANELLA BOVIS WITH EACH OTHER 
AND WITH OTHER AGENTS BY THE COMPLEMENT-FIXATION TEST 


Antisera 
Agents tested 

Strain 1] Strain 2 | Strain3| L.G.V. F.P. c. bur. Geere 
ling hind (40 eae nto Zoe S16 1:64 1:64 1:8 Neg. Neg. 
Strainvllt cen aecitincs 21ce Veep Na 1:64 N.T. Net. N.T. Neg. 
Straus vectors ern Mises oe 1:64 1:16 eo 1:64 thee) Neg. Neg. 
LZ. GSVeseR ts denlonias §07% 1:32 ING ie 1:8 1:64 1:4 Neg. Neg. 
Ee tens weraber Gebers t. aldats 1232 N.T. 1:8 fc 3Z 1:8 Neg. Neg. 
CO RUPN CHA a ctavepirarsiaitecet orn ssyers Neg. N.T. | Neg. N.T. Neg. fis32, Neg. 
RE POWOSERI des ae ane os: Neg. N.T. Neg N.T. Neg. INS Ds Neg. 
Rigvichertsipa aso ks Neg. INVES Neg N.T. Neg. N.T. Neg. 


Symbols: L.G.V.—lymphogranuloma venereum; F.P.—feline pneumonitis; C. bur.—C. 
burnetii. 


by Rake, Hamre, and Groupe, (1946). The virus regularly passed through 
a Berkefeld V filter, but only in 1 attempt out of 3 did it pass through a 
Berkefeld N filter. Centrifugation studies indicated that the infective particle 
sedimented at the same rate as the elementary bodies. The agent was found 
to survive a storage period of 3 days at 37°C., 10 days at room temperature, 
and 1 month at 4°C., while storage for 1 year at 70°C. resulted in no loss of 
activity. Tests in embryonated hens’ eggs indicated that penicillin and Aureo- 
mycin had a pronounced inhibitory effect on the virus, while sulfonamides had 
little or no effect. 

Complement-fixing antigens were prepared for several strains of this calf 
agent and compared by cross-serological tests with antisera prepared against 
each of these strains. Comparisons also were made with antigens and antisera 
of feline pneumonitis and lymphogranuloma venereum, both recognized viruses 
of this group of organisms. Antisera or antigens of Coxiella burnetii and 2 
Rickettsia were included. The results are summarized in TABLE 1. 

As can be seen from this table, the various strains of the calf agent appeared 
identical by reciprocal cross-serological tests. Positive cross-serological reac- 
tions were also demonstrated with feline pneumonitis and lymphogranuloma, 
but no cross reactions occurred with any of the Rickettsia used. The growth 
of this agent in eggs, its staining characteristics, and the sharing of common 
complement-fixing antigens indicated that it belonged to the psittacosis- 
lymphogranuloma group of viruses. Other studies, such as neutralization tests 
with hyperimmune sera and the type of response obtained in various experi- 
mental animals suggested that the agent was a new member of this group. 


The Disease in Calves 


Because of the widespread distribution of M. bovis, the majority of animals 
used in these investigations came from a herd reared and maintained in strict 
isolation at the Virus Research Institute at Cornell University. This herd was 
found to be free from infection with the agent under study, both by serological 
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TABLE 2 


HISTOPATHOLOGY AND Virus ISOLATION IN FIVE CALVES 
INFECTED WITH MiyAGAWANELLA BOVIS 


Isolation attempts 


Calf No.* Histopathology 
Ileum | Cecum]} Colon | Spleen| Liver Feces 


2-32 = = = IE = = = ar None 
2-33 = = = te = Si N.T. =e None 
2-45 ap = ei = = = = ae None 
2-48 = = fe ar ai = =i 4F None 
2-49 se =f = os = — = + None 


N.T.—not tested. 
* Calves 2-32 and 2-33 were naturally infected while 2-45, 2-48, 2-49 were infected experimentally. 


tests and by repeated inoculation of fecal material into guinea pigs. In some 
tests, newborn calves were obtained from a dairy farm where the virus had been 
isolated from older calves and where serum samples from adult animals con- 
tained demonstrable antibodies. 

During these studies, all the experimental calves were held in strict isolation 
in separate tile-lined units to prevent cross-contamination from one animal to 
another. 

Calves 4 to 9 months of age. Calves from the Cornell herd were infected by 
feeding a 10 per cent suspension of infected yolk sac. No signs of illness were 
observed except a transient leukocytosis above 30,000 lasting from 1 to 4 days. 
Three animals and 2 naturally infected calves were killed, and their tissues and 
portions of the intestinal tract examined for lesions. Suspensions of these 
various tissues were used for virus isolation by inoculations into guinea pigs. 
The results of these studies are summarized in TABLE 2. 

As can be noted in this table, the agent was isolated from one or more areas 
of the intestinal tract from each calf, although no isolations could be made from 
the other organs tested. Since it was probably impossible to wash the intes- 
tinal contents completely from the crypts of the mucosal wall, this study in- 
dicates primarily that infection can occur high in the intestinal tract, but it 
also suggests that the virus may be produced in all portions of the tract. The 
virus could be recovered from fecal material of all the inoculated calves and, in 
the case of those that were not killed, it persisted in the feces for at least six 
months after inoculation. 

In field studies, fecal samples and sera were collected from a number of ani- 
mals on a group of farms around Ithaca, N. Y. Approximately 60 per cent 
of the animals were found to be excreting the virus. These naturally affected 
animals continued to excrete the virus for at least six months after the initia- 
tion of these studies. Subsequently, viruses of the same type have been iso- 
lated from the fecal material of calves in Indiana, California, and Montana. 

Newborn calves. Work with older calves suggested that although the virus 
grew in the intestinal tract, it only produced an inapparent infection. Never- 
theless, its effect in newborn calves was tested. For this work, calves from both 
the disease-free herd and from an infected herd were used. 
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The animals from the infected farm were removed at birth to an isolation 
unit and treated in the following manner: 

(1) Five calves obtained from this source received no colostrum but were 
inoculated with 150 ml. of serum obtained from the disease-free herd. At 
about 24 hours of age, the calves were each fed 10 ml. of a yolk-sac suspension 
of M. bovis. 

(2) Five calves were fed colostrum from their dams for 1 day, and then fed 
10 ml. of the yolk-sac suspension. 

(3) Two calves received no colostrum but were also given 150 ml. of serum. 
They were not fed virus, and were used as normal control animals. 

The calves from the disease-free herd were handled in much the same way, 
except that all the calves were allowed to receive colostrum of their dams for 
the first 24 hours of life. After that the various treatments were: 

(1) Five calves were fed 10 ml. of a suspension of virus. 

(2) Five calves, in addition to receiving colostrum of their dams, were also 
fed colostrum obtained from a cow having circulating antibodies against this 
agent. These calves then were fed virus suspensions. 

(3) Five calves were held as normal uninoculated control animals. The 
results of the inoculations of these groups of calves are summarized in TABLE 
Sh 

As can be seen from this table, of the 5 calves obtained from the infected farm 
but receiving no colostrum, all had a febrile response, a marked leukocytosis, 
and diarrhea. Three out of the 5 died on the 5th, 8th, and 17th days respec- 
tively, following inoculation. The 5 animals that received colostrum from 
immune mothers had only a slight febrile response and leukocytosis, and no 
diarrhea. The 2 calves that were given neither colostrum nor virus remained 
normal throughout the period of observation. 

The 5 calves from the disease-free herd that received the colostrum of their 
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TABLE 3 


EXPERIMENTAL INOCULATION OF CALVES WITH YOLK-SAC 
SUSPENSIONS OF MIYyAGAWANELLA BOVIS 


Source of calf History of calf Inoculation ee Illness observed Death | Virus recovery 
Infected No colostrum | Fed 10 ml. | 5 | Fever, leukocy- | 3/5} | Feces of all: 
dairy serum I.V.* y.s. susp. tosis, diarrhea kidneys of 2 
Infected Colostrum of | Fed 10 ml. | 5 | Slight fever, leu- | 0/5 | Feces of all 
dairy dam y.s. susp. kocytosis 
Infected No colostrum | None 2 | None 0/2 | None 
dairy serum I.V. 
Disease-free | Colostrum of | Fed 10 ml. | 5 | Fever, leukocy- | 0/5 | Feces of all 
herd dam y.s. susp. tosis, diarrhea 
Disease-free | Colostrum of | Fed 10 ml.| 5 | Slight fever & | 0/5 | Feces of all 
herd dam and co- y.s. susp. leukocytosis 
lostrum of 
infected 
cows 
Disease-free | Colostrum of | None 5 | None 0/5 | None 
herd dam 


=e ree Aree aS aS eS 
* Serum obtained from disease-free herd and contains no antibodies against M. bovis; inoculated intravenously, 
+ Numerator—No. dying; denominator—No. inoculated. 
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dams also had a febrile response, leukocytosis, and diarrhea, but the response 
was not as severe as in the calves that had no colostrum (above), and none died. 
The 5 animals obtaining colostrum of their disease-free mothers as well as 
colostrum from an immune cow showed no response to the feeding of this virus. 
Similarly, the 5 calves that received colostrum but were not inoculated re- 
mained healthy throughout the entire course of experimentation. 

From all the animals inoculated, virus could be recovered from feces, or from 
the intestinal tracts of those that died. The virus was also recovered from the 
kidneys of the 2 calves that died. Histopathological examination of these 
kidneys showed a focal interstitial nephritis, whereas kidneys free from the 
virus showed no lesions. The calves that showed a clinical response following 
inoculation had no complement-fixing antibodies in this serum before inocula- 
tion, but all those surviving developed antibodies. All of the calves receiving 
colostrum from immune mothers and not responding clinically to the feeding 
of the virus had low but demonstrable complement-fixing titers at the time of 
inoculation. 

Comment. The work reported in this paper, although limited in the number 
of animals used, indicates the disease-producing potentialities of M. bovis. 
Further studies must be undertaken, however, to correlate the results of this 
experimental work with the occurrence of diarrheas of the newborn calf as it 
develops naturally on the farm. Until this is done, it is not possible to deter- 
mine whether this virus is one of the agents responsible for calf diarrhea. 


Summary 


A virus has been isolated from the feces of over 60 per cent of calves from 
various dairy farms in New York and has been recovered from calves in In- 
diana, California, and Montana. This agent has the characteristics of a mem- 
ber of the psittacosis-lymphogranuloma group of viruses and has been provi- 
sionally designated Miyagawanella bovis. Experimental feeding of this agent 
in calves 4 to 9 months of age produced no illness, but a shedder condition 
could be readily established that lasted at least 6 months. 

With newborn calves, diarrhea and, at times, death occurred from feeding 
the virus, providing colostrum was withheld, or if colostrum was obtained from 
nonimmune mothers. Colostrum from immune mothers prevented illness in 
the calf. Regardless of whether or not colostrum was fed, all inoculated calves 
that survived became carriers of the virus. 
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DIARRHEA OF NEWBORN AND OLDER INFANTS 
DUE TO VIRUSES 


By Horace L. Hodes 
Mount Sinai Hospital, New York, N.Y. 


Rice et al.,! in 1937, suggested that ‘epidemic diarrhea of the newborn” is a 
specific disease entity. This opinion was based on (1) the similarity of the 
clinical course in the patients involved, (2) the fact that the disease was limited 
to infants in the neonatal period, (3) the high mortality rate, and (4) failure to 
find an etiologic agent by routine bacteriologic methods. Data obtained in 
more recent years, however, have shown clearly that this is not the case, and 
it is now quite clear that epidemics of diarrhea among newborn infants may be 
due to a number of organisms. Gordon and Rubenstein,? in 1950, in a reveiw 
of the subject of ‘“epidemic diarrhea of the newborn,” drew the following con- 
clusions on the basis of their study of more than 40 epidemics of diarrhea: 

(1) A number of epidemics among the newborn have been shown to be due 
to Salmonella and Shigella organisms, but a large number of outbreaks cannot 
be attributed to these organisms. 

(2) The Shigella group rarely causes disease among newborn infants. It 
was not found as a cause of an epidemic in any of the 40 nursery outbreaks 
studied. The search of the literature made by Gordon and Rubenstein re- 
vealed only three epidemics considered to have been caused by Shigella.*-® 
One report,® however, was overlooked by the authors, which makes, in all, 
four epidemics of diarrhea in the newborn caused by Shigella. 

Various members of the Salmonella group have caused epidemics of diarrhea 
among the newborn.® These include S. typhimurium, S. wichita, S. choleraesuis, 
and S. oranienberg, the last of which has been reported as causing a recent 
epidemic of diarrhea in the newborn.’ It is clear that Pseudomonas aeruginosa 
(Bacillus pyocyaneus) also has caused epidemics of diarrhea among the new- 
born. 

The three bacterial species listed above are undoubtedly enteropathogenic, 
but it is important to realize that they have been isolated only a relatively few 
times in the hundreds of outbreaks studied. Experience obtained since 1944 
(after typing of Escherichia coli became possible) makes it clear that the great 
majority of outbreaks of diarrhea in nurseries for the newborn are caused by 
enteropathogenic £. coli2 The possibility that infantile diarrhea might be 
caused by viruses, however, has received considerable attention. There are a 
number of natural diarrheal diseases among animals that are caused by viruses. 
For example, a small virus has been isolated that causes a disease of cats termed 
infectious feline agranulocytosis and feline enteritis“: This virus causes 
leukopenia with very severe neutropenia, vomiting, diarrhea, and nasal and 
ocular discharges. It is infectious when placed in the stomach. Its patho- 
genicity is limited to the feline species. Two viruses responsible for diarrhea 
among suckling laboratory mice have been described. One of these produces 
intranuclear inclusions in the cells of the intestinal mucosa.’® Infection with 
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the second virus causes intracytoplasmic inclusions. ‘This naturally-occurring 
disease has been reproduced experimentally by feeding suckling mice with 
bacteria-free suspensions of the intestines of infected animals.!* 1” A disease 
of calves characterized by enteritis and pneumonitis was shown by Baker to 
be caused by a virus." Doyle and Hutchings!® described epidemics of severe 
diarrhea among baby pigs, and produced the disease in suckling pigs by feeding 
bacteria-free filtrates of triturates of the gastrointestinal tract and its contents. 
It should be noted also that distemper virus infection in puppies is often ac- 
companied by diarrhea. 

In 1942 Light and Hodes”: *! isolated a filtrable virus from newborn infants 
with diarrhea in 4 separate nursery outbreaks in Baltimore, Md., and Wash- 
ington, D. C. All 4 virus strains were identical. The virus caused bloody 
diarrhea in young calves when it was instilled into the nose and throat. Cross- 
immunity tests showed the virus to be different from the agent that causes 
calf scours (now known to be due to £. coli). Virus-neutralizing serum anti- 
bodies developed in infants recovering from the disease, and the same was true 
of experimentally infected calves. The virus was not isolated from normal 
calves or from normal babies. It was found to be very resistant to heat; a 
temperature above 70°C. was required to inactivate it. In this respect, this 
virus is similar to the viruses of infectious hepatitis and serum hepatitis. 
Cummings, in Michigan, isolated what appears to be the same virus, or a closely 
related one, from stools of newborn infants ill with diarrhea.” Light and Hodes 
considered the virus they isolated to be one of the causes of diarrhea among the 
newborn. ‘They did not believe it to be the sole agent responsible for nursery 
epidemics of diarrhea, however, and the author holds the same view at the 
present time. 

In 1944 Buddingh and Dodd* described a disease of infants and young chil- 
dren with clinical features that included stomatitis and diarrhea; occasionally 
adults were also affected. A filtrable virus was isolated from the mouth wash- 
ings and stools of sick infants that caused an inflammatory reaction when placed 
upon the scarified cornea of rabbits. Serial passage with rabbit eyes was 
readily obtained. Neutralizing antibody was demonstrated in the sera of 
convalescents. In one experiment two rabbits became ill with diarrhea after 
they had been fed suspensions of infected rabbit cornea. Attempts to trans- 
mit diarrhea, however, by feeding the intestinal contents of these animals to 
other rabbits failed. Meiklejohn,% in California, obtained positive corneal 
reactions with the stools of 37 of 45 infants ill with diarrhea. The stools of 5 
of 35 normal controls, however, produced a similar reaction. He made many 
attempts to show neutralizing antibodies in the serum of the sick infants during 
convalescence. Some of these attempts were successful, but most were not, 
and for this reason it could not be claimed that the cause of the diarrheal dis- 
ease under study had been isolated. The fact that some control material causes 
the same type of reaction as that from sick infants, and the failure to cause 
diarrhea in animals, casts some doubt upon the significance of the virus de- 
scribed by Buddingh and Dodd. 


Hodes: Diarrhea due to Viruses DN 


In 1948 Verlinde”® isolated a virus from the stools of young infants. This 
agent was pathogenic for young ferrets. This work, so far as is known to the 
author, has not been confirmed, but Verlinde’s report is quite convincing. 

In 1949, during an investigation of an outbreak of diarrhea among premature 
infants in a nursery for the newborn, my associates in this work and I isolated 
a previously undescribed virus that produces fatal encephalitis in suckling 
mice. It cannot be determined whether this virus (that we designated as 
“Z” virus) came from the stools of the affected children or from the mice under 
experiment. Serum from the sick infants was not available for testing, and the 
virus is not neutralized by pooled human gamma globulin. Two adults out 
of 15 studied, however, showed a high titer against the “Z” virus. On the 
other hand, Dalldorf?” has stated that the ‘‘Z” virus closely resembles the en- 
cephalo-hepatitis virus of mice (JHM strain). The significance of the “Z” 
virus in the problem of infantile diarrhea does not appear to be great at the 
moment, but further experience is required before a final opinion can be given. 

Since the introduction of the newer tissue culture methods by Enders and his 
co-workers, thousands of stools have been cultured by these techniques. The 
development by Enders” of relatively simple and effective methods for isola- 
tion of viruses from feces has led to the isolation of a great number of viruses 
that are cytopathogenic in tissue culture. The relation of these viruses to hu- 
man disease, however, is not known. ‘Two groups of such agents are the 
adenoidopharyngeal conjunctival viruses (APC viruses) and the orphan viruses 
(ECHO viruses—enteric cytopathogenic human orphan viruses). Six types of 
APC viruses have been identified, but only types 3 and 4 have been shown to 
produce human disease. It has been shown by Huebner” and his co-workers 
that neutralizing antibodies (evidence of infection) against types 1 and 2 
APC viruses are present in the blood of a high percentage of young infants. 
No disease entity has been correlated with the presence of APC virus types 1 
and 2. It is therefore suggested that an attempt be made to do so in relation 
to epidemics of diarrhea among young infants, including the newborn. 

The ECHO group of viruses (13 serologic types) has been isolated from some 
patients with the aseptic meningitis syndrome, resembling nonparalytic polio- 
myelitis. These viruses have not been connected with outbreaks of diarrhea. 
Sabin®® has recently stated that he has isolated a virus, partially related anti- 
genically to ECHO virus type 10, that he believes to be the cause of diarrhea 
affecting a family of two children and two adults. 

In considering possible viral causes of diarrhea in a nursery for the newborn 
it should be noted that hepatitis of the newborn is often characterized by diar- 
rhea, which may overshadow symptoms of liver damage. Clinical evidence 
suggests that at least some cases of hepatitis of the newborn may not be due to 
viruses of serum or infectious hepatitis, but to an unidentified virus. Studies 
along this line should be carried out by the virologist whenever an outbreak 
of hepatitis among the newborn is discovered. 

In conclusion, it is apparent that most outbreaks of infantile diarrhea are due 
to enteropathogenic F. coli. Evidence has been presented, however, that in- 
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dicates that one or more viruses have caused epidemics of diarrhea among new- 
born infants, and that continued search for other viruses capable of causing 
infantile diarrhea is warranted. 
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VIRUS DIARRHEAS OF ADULTS AND THEIR POSSIBLE 
RELATIONSHIPS TO INFANTILE DIARRHEA 


By Irving Gordon and Elinor Whitney 


Department of Medical Microbiology, University of Southern California School of Medicine, 
Los Angeles, Cal.; and the Division of Laboratories and Research, 
New York State Department of Health, Albany, N. Y. 


Knowledge of relationships between the virus diarrheas of adults and those 
of infants comes chiefly from epidemiologic and clinical observations. Ex- 
ploration of the virus population of the intestine by tissue-culture methods is 
proceeding rapidly,! and enlightening facts may soon be found. ‘The viruses 
that we know the most about at present, however, seem to be unimportant 
causes of diarrhea, while information concerning the viruses or viruslike agents 
that frequently cause diarrhea is only fragmentary. 

Elsewhere in this monograph, Hodes? and Sabin® respectively discuss 2 
different viruses isolated from outbreaks of diarrhea in infants or children, 
hence these viruses will not be reviewed extensively here. The poliomyelitis 
and Coxsackie viruses sometimes cause diarrhea (TABLE 1) but this occurs in 
a relatively small proportion of persons whose intestines harbor these viruses, 
since these organisms often cause silent infections. The agents that induce 
the other diseases listed appear to be primary incitants of diarrhea but have 
never been adapted to laboratory hosts. “As mentioned, therefore, this survey 
consists largely of clinical and epidemiological inferences. 

A good point of departure is to array the facts learned about infectious non- 
bacterial gastroenteritis from experiments in human volunteers. The first 
volunteer experiments were done by Reimann and his colleagues in Phila- 
delphia.t| The syndrome they studied is typical of what we now call the afebrile 
type® of the disease. The cardinal features were watery diarrhea, nausea 
and vomiting, anorexia, and abdominal pain, with little or no fever. Ina single 
experiment, this syndrome was reproduced in subjects who inhaled ultrafiltered 
pharyngeal washings or fecal suspensions, but not in those who swallowed the 
same or similar inocula. The disease could not be transferred, however, to 
other groups of volunteers.® 

Whether this entity might have been due to a different agent or strain than 
the Marcy strain,’ the next to be investigated, has been discussed elsewhere.* 
The Marcy strain can be passaged serially by oral administration of bacteria- 
free fecal filtrates. Eight consecutive experimental transfers with bacteria-free 
inocula have been done.® In contrast to the Philadelphia agent, pharyngeal 
washings failed to induce illness whether administered orally or by inhalation. 
These findings are in full agreement with the results of two separate groups of 
Japanese investigators who used initial inocula from outbreaks that occurred 
in different places and at different times.!°” In both the Japanese experi- 
ments and in ours,’:7-* volunteers fed control fecal inocula of various types 
have remained well. 

The transmissibility of the disease shows that it isan infection. This finding 
is supported by the outcome of experiments to demonstrate active immunity. 
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TABLE 1 
Primary Vrrus DIARRHEAS* 


———— 


Frequency of diarrhea in cases 


Causative agents 
Adults Infants or children 
Well-studied viruses 
Poliomyelitis viruses often often 
Coxsackie viruses A and B occasional occasional 
Incompletely studied agents 
Infectious hepatitis (hepatitis A) often regular 
Afebrile nonbacterial gastroenteritis cardinal sign cardinal sign 
Epidemic nausea and vomiting (‘“‘winter vomiting | often often 
disease’) 
Virus causing diarrhea in calves not known; see | cardinal sign; see 
Hodes? Hodes? 
Recently classified agents 
Enteric cytopathogenic human orphan (ECHO) | see Sabin® see Sabin? 
virusest 


_ * The primary virus diarrheas are considered to be those apparently associated with propagation of the virus 
in the intestine and the presence of infectious virus in the feces. The secondary virus diarrheas are considered 
to be those associated with infection elsewhere than in the gastrointestinal tract. 


Subjects recovered from a bout of experimentally induced gastroenteritis show 
no evidence of recurrence when subsequently challenged with infectious 
inocula,’ and we have recently found that the immunity lasts for a year or 
longer.1? The result of a cross-immunity test suggests that one or more of the 
Japanese strains are antigenically similar to or identical with the Marcy strain.” 

Experience with the Marcy strain has led us to consider watery diarrhea a 
prerequisite for unequivocal diagnosis of the experimental disease.¥ In 
natural outbreaks of nonbacterial gastroenteritis, however, diarrhea afflicts a 
variable proportion of patients. ‘There are epidemics in which it occurs in a 
minority of cases or hardly at all.® 1° This is so in epidemic nausea and 
vomiting,!® or “the winter vomiting disease,’”’!* and also in another clinical 
type, for which the term “febrile nonbacterial gastroenteritis” has been pro- 
posed.® 

While such variations in syndromes do fall into recognizable patterns in 
outbreaks, we may not impute different etiologies to the various entities on the 
basis of clinical distinctions alone. There is immunologic as well as clinical 
evidence, however, that the afebrile (Marcy) and febrile (FS) types are caused 
by different agents. Subjects recovered from one type are susceptible to the 
other, and there are clear differences in incubation periods and in the course 
of experimental infections.© Unfortunately, attempts to transmit other vari- 
eties of nonbacterial gastroenteritis, including such disorders as winter vomiting 
disease that are manifested chiefly by upper gastrointestinal distress, have not 
been successful®: *: ® or have not been made. 

There are no differential clinical laboratory tests.1® Under the circum- 
stances, diagnosis cannot be precise. Hence epidemiologic data, while useful, 
are crude. Nonbacterial gastroenteritis is the remaining disease after known 
pathogens causing gastroenteritis have been identified. It is more often di- 
arrheal than nondiarrheal, ranks second only to acute undifferentiated re- 
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spiratory disease in the Cleveland Family Study,?? and recurs yearly in the 
families and community." The latter fact, corroborated by other and less 
complete observations, is an additional reason for assuming that more than 
one antigenically distinct agent is responsible, since immunity to the Marcy 
type, as was mentioned, persists for over a year." 

Neutralization tests have been done with preinoculation- and convalescent- 
phase sera of 12 volunteers recovered respectively from the afebrile (Marcy) 
and febrile (FS) types or both, to determine whether there were increases in 
antibody to the so-called “ARD-APC” viruses” * or the “HE” viruses.™ 
Types 1 through 6 of the “RI family” (the inclusive term proposed for the ARD 
and APC agents”® were tested in HeLa cell cultures, and types 1 through 5 
of the HE viruses were studied in both monkey kidney and HeLa cultures. 
While many of the 12 volunteers had antibody to one or more of these agents, 
the titers were the same in both serum specimens.’ It was concluded that 
past experience with the RI and HE viruses must have been fairly common 
among the volunteers, as in other populations, and that the Marcy and FS 
agents are probably distinct from them. This is of particular interest because 
Sabin® has found strains antigenically related to type 4 HE virus in a family 
outbreak of diarrhea involving both adult and child. The virus isolated by 
Light and Hodes?$ during infantile diarrhea outbreaks, however, has not been 
employed in tests with sera from adult nonbacterial gastroenteritis patients. 

Some of the HE agents are prototypes in the so-called “ECHO” group of 
viruses! which, by definition, propagate in and cause cytopathogenic effects 
in human or monkey tissues. The facts that the Marcy agent has failed to 
manifest itself by cytopathogenic effects in a variety of human tissues or cells 
or in monkey kidney cultures, and that volunteers fed such cultures remain 
well, of course support the deduction that it is not related to the ECHO viruses. 
Adaptation of the methods used to isolate the ECHO viruses is obviously worth 
trying, however, in infantile diarrhea epidemics. We have studied one small 
outbreak in this manner. 

Diarrhea of the newborn began in a Troy, N. Y., hospital in March 1954, 
and by August there had been a total of 18 definite and 13 suspected cases. 
Nine infants died. Although a large number of stool and throat cultures were 
made and no Shigella or Salmonella were found, serotyping for Escherichia coli 
was done only on the stools of the last two patients, from which E£. coli 0127: B8 
was isolated. This was considered the probable causative agent. The nursery 
was closed and measures taken to avoid further infection. 

On December 28, 1954, eight days after the nursery was reopened, there was 
another case of infant diarrhea. Three definite and 7 suspected cases de- 
_ veloped between that time and January 24, 1955. There were no deaths 
and no secondary cases in the staff. The negative results of cultures from 
infants and attending personnel led us to believe that the second outbreak 
was not one of £. coli diarrhea. HeLa cell, human-intestine cell, and monkey- 
kidney tissue cultures were inoculated with frozen stool specimens (TABLE 2). 
Three serial transfers were carried out in each passage line with each specimen, 
but no virus was detected. 


While pathogenic serotypes of E. coli have been found in association with 
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TABLE 2 


TissuE CULTURE Stupy OF NONBACTERIAL GASTROENTERITIS IN INFANTS 
(Troy, N. Y., January 1955) 


Patients Tissue culture results* 


ae Human Monkey 
Clinical status Number HeLa intestine kidney 


Diarrheal' cases ewisec tek oe chee ete rele 
Suspect case (loose stools).................... 
Suspect cases (watery rings)... ...2..c6.ss0+0. 
Wontace yuo Ulnessunes wee e seen eece ete ce ee : 


Roe 
oooo 
oococo 
ooco 


_ * Expressed as the cytopathogenic effect observed during each of three consecutive passages in each type of 
tissue culture. The original inocula were fecal specimens that had been stored in a COs box. 


sporadic diarrhea in adults,” outbreaks of £. coli diarrhea are not difficult to 
differentiate from afebrile nonbacterial gastroenteritis by epidemiologic as well 
as cultural criteria. Adults seem to be much less susceptible than infants to 
pathogenic F. coli.% In contrast, the afebrile nonbacterial gastroenteritis 
agents seem to evoke profuse diarrhea impartially in all age groups. Non- 
bacterial gastroenteritis is therefore a probable diagnosis when there is a con- 
current high attack rate of afebrile diarrhea among adults during an infantile 
diarrhea outbreak, or when there is secondary spread outside the nursery.?%: 3° 
In one such epidemic in a maternity hospital the attack rate in mothers and 
staff was approximately double the rate in infants.*! The provisional diagnosis 
of nonbacterial or ‘“‘virus” gastroenteritis is still warranted even though the 
epidemic occurred before £. coli serotyping was employed. 

Several other diseases should be mentioned. So-called “ ‘epidemic’ colic 
with steatorrhea” has been described in infants and children.** Steatorrhea 
may be a result of virus infection.* Infectious hepatitis seems frequently 
to be a diarrheal syndrome without jaundice in infants.** It characteristically 
runs a prolonged course, which helps in diagnosis. This disease is an example 
of a virus infection in which diarrhea is more prominent in the young than in 
adults. The same might also be true of the febrile type of nonbacterial gastro- 
enteritis due to the FS strain.® In adults this syndrome is usually nondiar- 
rheal, but it might be diarrheal in infants. These relationships are not now 
known, but will certainly be defined by experiment once the causative viruses 
have been isolated. 


Summary 


Important causative agents of adult diarrhea have not yet been adapted to 
laboratory hosts; that they are viruses is unproved. Viruses isolated during 
investigations of infantile diarrhea outbreaks have been studied only to a 
limited extent, and knowledge of their relation to adult diarrheal diseases is 
fragmentary. Knowledge of relationships between virus diarrheas of infants 
and adults therefore comes chiefly from epidemiologic and clinical investiga- 
tions. 

Afebrile nonbacterial gastroenteritis is a widespread diarrhea that afflicts 
all age groups. An attack confers immunity. At present only one type has 
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been detected in the United States and Japan, but the number of trials has 
been limited. From the correlation of immunity studies with epidemiologic 
data, it is inferred that there might be a family of such agents. 

Relationships with other viruses have been studied by testing active im- 
munity of volunteers or by neutralization tests of their sera with known viruses. 
No relations with the so-called RI or HE viruses have been found by neutral- 
ization tests up to the present time. 

Differentiation of nonbacterial gastroenteritis from E. coli diarrhea is aided 
both by laboratory tests and epidemiologic data. There seems to be a rela- 
tively low concurrent attack rate among adults in nursery outbreaks of diarrhea 
due to pathogenic E. coli, and a high one in nonbacterial gastroenteritis. Nurs- 
ery outbreaks of infantile “virus” diarrhea may not involve adults. 
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THE SIGNIFICANCE OF VIRUSES RECOVERED FROM THE 
INTESTINAL TRACTS OF HEALTHY 
INFANTS AND CHILDREN 


By Albert B. Sabin 


The Children’s Hospital Research Foundation, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 


The viruses that may be recovered from the alimentary tract (throat and 
stools) of healthy infants and children vary with the method used for their 
detection, and they fall into two main categories: (1) those known to be the 
cause of specific diseases, e.g. poliomyelitis, herpangina (Coxsackie A), epi- 
demic pleurodynia (Coxsackie B), the pharyngeal-conjunctival syndrome 
(APC), herpes simplex, and presumably also those of infectious hepatitis, 
mumps and influenza B; (2) the large number of recently recognized viruses 
whose relationship to various disease syndromes is still a matter of current and 
future investigations. The newborn-mouse technique yields predominantly 
members of the Coxsackie group and also, less frequently, the herpex simplex 
virus. Rhesus or cynomolgus monkey-kidney tissue cultures most frequently 
yield the new group of many antigenically distinct “orphan”! or HE (human 
enteric)* viruses recently established by committee action as the ECHO (enteric 
cytopathogenic human orphan) group of viruses’ and, less frequently, the polio- 
myelitis and certain other viruses. Certain members of the Coxsackie group 
(particularly A9 and group B) and of the new “APC’” (adenoidal-pharyngeal- 
conjunctival) or RI group® of viruses, as well as the herpes simplex, mumps, 
and influenza B viruses can also be detected by monkey-kidney cultures. 
Most of the APC viruses and certain types of Coxsackie virus, however, are 
more readily detected in cultures of HeLa cells, while many of the ECHO 
viruses multiply poorly in HeLa cells and may not be readily recovered in this 
type of culture medium, It is highly probable that the use of additional cell 
lines in tissue-culture media will reveal still more hitherto-unknown viruses. 

It is the classic tradition of man’s quest for knowledge about himself and 
his environment that we should want to learn as much as possible about the 
seemingly bewildering number of new viruses that appear to be part of the 
human heritage. I should like to begin by summarizing what my associate 
M. Ramos-Alvarez and I have learned during the past 2 years by testing rectal 
swabs from 3347 healthy children in cynomolgus monkey kidney tissue cultures. 
From 1566 healthy children aged 1 to 17 years tested in the region of Cincin- 
nati, Ohio, during the months of July and August 1953, we recovered 31 strains 
of virus—S were poliomyelitis, 1 a Coxsackie B4, and the remaining 25 consti- 
tuted 5 new antigenic types of what we first called HE viruses, types 1 to 5, 
and that will now be known as the ECHO viruses types 7 to 11. From 1771 
healthy children aged 1 to 4 years tested in Mexico City and Veracruz, Mexico, 
during early June, 1954, we recovered 334 strains of virus, of which 73 were 
poliomyelitis viruses and 261 were other viruses requiring classification. It 
should be pointed out that in all 3 areas, the children came from the low socio- 
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economic groups, that they had no known contact with clinically recognized 
cases of poliomyelitis, and that there was no unusual incidence of poliomyelitis 
in the community at the time. 

An analysis of the Cincinnati data revealed that the carrier rate for the ECHO 
viruses diminished with increasing age. It was 5.2 per cent among 154 in the 
group aged 1 to 4 years, 2.6 per cent among 537 in the group aged 5 to 9 years, 
0.2 per cent among 683 in the group aged 10 to 14 years, and none was recovered 
from 154 adolescents aged 15 to 17 years. Similar but less striking was the 
drop in the carrier rate of poliomyelitis viruses from 0.6 per cent in the group 
aged 1 to 4 years to 0.2 per cent in the group aged 10 to 14 years. By compari- 
son, it is noteworthy that the carrier rate among the children aged 1 to 4 years 
in Mexico was as follows: 


Carrier rate (per cent) for 


City No. tested 
Polio Other viruses 
INEGSICOMCIT Vise va tech ss seine c. 1491 3.4 15.6 
MeETAGMIZGs Mi heteni ad slo tind aetna 280 8.2 10.0 


When the Mexican data are analyzed by individual years, one observes a 
similar drop in the carrier rate for the poliomyelitis viruses from about 4 per 
cent at age 1 and 2 years to 1.7 per cent at age 4 in Mexico City, and from 
about 12 per cent at age 1 and 2 years to 5.8 per cent at age 4 in Veracruz. 
As regards the nonpoliomyelitis viruses, however, the carrier rate was about the 
same for each of the 4 ages in Mexico City, but less among the 4-year-old chil- 
dren in Veracruz. With the great multiplicity of antigenic types among the 
ECHO viruses, it is conceivable that even under conditions most conducive to 
fecal spread, many years may pass before any one individual may have an op- 
portunity to become infected with all of them. A serologic survey carried out 
with the 5 Cincinnati HE viruses (ECHO types 7 to 11) on 31-sera from Cin- 
cinnati children aged 1 to 5 years and on 30 medical students aged 20 to 30 years 
revealed the presence of antibody against all 5 viruses in both age groups, the 
incidence of positives in all instances being higher among the older individ- 
uals. It is noteworthy, however, that although 87 per cent of the young adults 
had antibody for one or more of these 5 types of viruses, only 3 per cent had 
antibody for all 5. Serologic tests on sera from 19 children aged 1 to 4 years 
from Jamshedpur, India (kindly sent to us by Max Theiler of the Rockefeller 
Foundation, New York, N. Y.) indicated not only that all 5 Cincinnati ECHO 
viruses occur in India but also that the incidence of infection was as high in 
the very young children in India as among the medical students in Cincin- 
nati. 

Four of the 5 Cincinnati viruses (HE 2, 3, 4 and 5 or ECHO types 8 to 11) 
were found among the 233 nonpoliomyelitis viruses recovered from healthy 
children in Mexico City (27.4 per cent of the total), and only one of the Cincin- 
nati types (HES) was found among the 28 Veracruz strains (7 per cent of the 
total). The Cincinnati HE1 virus (ECHO type 7), which constituted 32 per 
cent of the 25 Cincinnati strains, was not found among the 261 Mexican strains. 
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It is obvious that antigenic classification constitutes the first task in the 
systematic study of this new group of viruses. J. L. Melnick and his associates 
had already segregated a number of antigenically distinct prototypes from 
among a large number of “orphan” viruses recovered from patients with sus- 
pected poliomyelitis, and W. McD. Hammon and his associates had segregated 
several distinct prototypes from among a large number of strains recovered 
from healthy children in the Philippine Republic. A comparative study of 
the prototype strains available in the New Haven, Conn., Pittsburgh, Pa., 
and Cincinnati, Ohio, laboratories led to the establishment of the first 13 
antigenically distinct members of the ECHO group of viruses. That these 13 
types represent only a fraction of the viruses that have already been recovered 
from the intestinal tracts of healthy children is evident from an analysis just 
completed by my associate, M. Ramos-Alvarez on 142 of the 195 Mexican 
nonpoliomyelitis strains that remained unclassified after tests with the 5 Cin- 
cinnati HE prototype antisera (ECHO types 7 to 11). Tests were carried out 
with pools of the 8 remaining ECHO antisera (using sera kindly supplied by 
Melnick and Hammon) and of 6 Coxsackie antisera (A9, A14 and B1 to B4— 
kindly supplied by Syverton). Only 11 per cent of the 142 strains could be 
classified with these pools—6 strains proved to be Coxsackie viruses (three 
A9 and one each of A14, B2, and B3) and 10 belonged to the other ECHO 
viruses. With only a few exceptions, the large number of remaining strains 
produce a poliomyelitislike cytopathogenic effect in tissue culture. . Further 
classification will be achieved only by the laborious preparation of antisera 
and successive sorting out of the remaining strains. This task will be greatly 
facilitated if all investigators who might engage in similar work would use the 
Committee on ECHO Viruses recently established by The National Foundation 
for Infantile Paralysis, New York, N. Y. asa clearinghouse for newly established 
prototypes. 

In the meantime, what can one say about the significance of this large number 
of new viruses that have been found to inhabit the human alimentary tract? 
It is already evident that they are not the viral counterpart of the “normal” 
bacterial flora, because they are most frequently recovered during the early 
years of life and only rarely thereafter. Repeated tests on the stools of 80 
human adults who served as volunteers in experimental studies with attenuated 
poliomyelitis viruses in no instance yielded an ECHO virus. The large number 
of ECHO viruses that have been recovered from patients with the aseptic 
meningitis syndrome and the fact that some of those recovered from healthy 
children have also been encountered in patients with this syndrome emphasizes 
the need for future studies on the etiologic relationship of certain ECHO viruses 
to this syndrome. The possible role of some ECHO viruses in infections of 
both the respiratory and enteric tracts is emphasized by two recent observa- 
tions in my laboratory that will be reported in greater detail elsewhere: In 
one instance an epidemic of rhinitis in chimpanzees was shown to be caused 
by a virus recovered from the stools of sick chimpanzees in cynomolgus monkey- 
kidney tissue cultures. This virus reproduces rhinitis in chimpanzees and is 
antigenically related to but distinct from the Cincinnati HE4 or ECHO type 
10 virus derived from the stools of healthy children, In another instance, a 
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very similar antigenically related virus was recovered during the course of a 
family epidemic of a “steatorrheic enteritis” that was characterized by lower- 
abdominal pain and frequent fatty stools. The course was afebrile and mild 
in the parents and 1 older child but febrile and relatively severe in the 3-year- 
old child from whose stools the virus was recovered in amounts of at least 108 
TCDso per gram on two occasions. The parents and both children developed 
antibody for this virus during convalescence. 

Of particular interest to the conference on which this monograph is based 
was the question of the possible role of some of the ECHO viruses as etiological 
agents of the epidemic and endemic diarrheal diseases of early childhood. 
During the past summer M. Ramos-Alvarez initiated such a study on infants 
and children admitted to the Cincinnati General Hospital and the Children’s 
Hospital, Cincinnati, with diarrhea as the chief complaint. Rectal swabs and 
acute and convalescent phase sera were obtained for study. The following 
preliminary results of the tests in monkey-kidney tissue culture give some indi- 
cation of the nature of the problem. The rectal swabs from 56 children under 
4 years of age (38 under 1 year of age) yielded 24 viruses (43 per cent positive). 
It is highly probable that many more strains will be recovered when the swabs, 
which yielded negative results in cynomolgus monkey-kidney tissue culture, 
are tested in HeLa cells and human amniotic tissue cultures, as well as in suck- 
ling mice. Among the 24 recovered viruses, 3 were definitely type 1 polio- 
myelitis, suggesting that diarrhea may be part of the poliomyelitis syndrome in 
infancy, while constipation is more common in older children and adults. 
Three strains turned out to be Coxsackie viruses (one A9 and two B2), 2 were 
classified among the 13 known ECHO viruses (one type 2 and one type 8), 
and 12 strains could not be identified with any of the known ECHO viruses. 
Among 17 patients who yielded viruses, bacteriological studies yielded Shigella 
flexneri in 2, Salmonella paratyphi C in 1, Proteus mirabilis in 2, Proteus vulgaris 
in 1 and a paracolon bacillus in 1. The high incidence of positive virus isola- 
tions among infants and children with diarrhea warrants a continuation of such 
studies until enough information has been accumulated to permit a sorting out of 
viruses and associated clinical manifestations. The potential importance of 
certain APC viruses among the syndromes with diarrhea is emphasized by a 
recent observation of Svedmyr® on a type 3 outbreak in Kumla, Sweden, in 
which 40 per cent of the laboratory-confirmed cases exhibited diarrhea. 


Summary 


In addition to the viruses previously recognized in the human intestinal 
contents, the use of monkey-kidney tissue cultures has revealed a new, large, 
and heterogeneous group of many antigenically distinct viruses recently es- 
tablished as the ECHO (enteric cytopathogenic human orphan) group. These 
viruses occur with great frequency in very young children and only rarely in 
adults, and are therefore not the viral counterpart of the normal bacterial flora. 
The role of the poliomyelitis, Coxsackie, APC and ECHO viruses in various 
syndromes in which diarrhea may be a prominent clinical manifestation can 
now be investigated by suitable laboratory methods. 


230 Annals New York Academy of Sciences 


References 


. Metnicx, J.L. 1954. Am. J. Public Health. 44: 571-580. 

Ramos-Atvarez, M. & A. B. SaBIN. 1954. Proc. Soc. Exp. Biol. & Med. 87: 655-661. 
. COMMITTEE ON THE ECHO Viruses. 1955, Science. 122: 1187. 

. Huesner, R. J., W. P. Rowe, T. G. Warn, R. H. Parrorr &J.A.Brrrt, 1954. New 
Engl. J. Med. 251(27): 1077-1086. 

. Hitteman, M. R. & J. H. Werner. 1954, Proc. Soc. Exp. Biol. & Med. 85: 183-188. 
. SvepMyR, A. Personal communication. 


An Pwd 


Printed in the United States of America 


t Li / 
“Ethie, 


MONOGRAPHIC PUBLICATIONS 
OF 


THE NEW YORK ACADEMY OF SCIENCES 


(Lyceum or Natura History, 1817-1876) 


(1) The Annats (octavo series), established in 1823, contain the scientific 
contributions and reports of researches, together with the records of meet- 
ings of the Academy. The articles which comprise each volume are printed 
separately, each in its own cover, and are distributed immediately upon 
publication. The price of the separate articles depends upon their length 

and the number of illustrations, and may be ascertained upon application 
to the Executive Director of the Academy. 


Current numbers of the ANNALS are sent free to all Members of the Academy 
desiring them. 


(2) The Spectat Pusrications, established in 1939, are issued at irregular 
‘intervals as cloth-bound pee rarsy The price of each volume will be advertised 
. at time of issue. 


(3) The MeEmorrs dances series), established in 1895, are issued at ir- 
regular intervals. It is intended that each volume shall be devoted to mono- 
graphs relating ‘to some particular department of science. Volume I, Part 1 
s devoted to Astronomical Memoirs, Volume II to Zoological Memoirs. 
Z more parts of ‘the ‘Memoirs have been published to date. The price is 


Y 


on 2 Suave OF Poxt0. Rico AND te Vino Istanps 


a should bd addressed to 


ra hie -- EXECUTIVE DIRECTOR 
ut he New York Academy of Sciences 

ey ¥ 2 East Sixty-third Street 

4 ae as New ss heat N. Y. 


